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1.0  INTRODUCTION 


The  Interim  Response  Action  (IRA)  for  the  Shell  Section  36 
Trenches  is  being  conducted  as  part  of  the  IRA  Process  for  the 
Rocky  Mountain  Arsenal  (RMA)  in  accordance  with  the  June  5,  1987 
report  to  the  court  United  States  v.  Shell  Oil  Company  and  the 
Federal  Facility  Agreement  effective  February  17,  1989. 

The  Decision  Document  for  the  Shell  Section  36  Trenches  IRA 
became  final  in  April  1990.  The  detailed  design  presented  herein 
incorporates  the  concepts  proposed  in  Section  6.0  of  the  Final 
Decision  Document,  based  on  additional  data  developed  following 
preparation  of  the  Final  Decision  Document.  The  conceptual 
design  was  issued  as  a  Preliminary  Engineering  Design  Package  on 
October  5,  1990  for  review  and  comment  by  the  Organizations  and 
State.  Comments  from  this  review  were  discussed  at  a  meeting  of 
the  Organizations  and  State  on  October  26,  1990.  Written 
comments  from  the  USEPA  and  State  were  submitted  to  Shell  on 
October  24,  1990  and  October  31,  1990,  respectively.  Written 
responses  to  comments  were  submitted  by  Shell  to  the 
Organizations  and  State  in  December  1990. 

A  description  of  the  activities  for  this  IRA  is  included  in  this 
section.  A  construction  cost  estimate  and  schedule  have  been 
prepared  and  are  included.  The  cost  of  construction  is  estimated 
to  be  $1,725,000  and  the  basis  of  the  estimate  is  given  in 
Section  4.  The  deadline  for  completion  of  this  project  (an  "IRA 
Deadline"  under  the  Federal  Facility  Agreement)  is  December  21, 
1991,  subject  to  extension  as  described  in  Section  XXVI  of  the 
Federal  Facility  Agreement.  Intermediate  dates  shown  in  this 
document  comprise  the  "Schedule"  (as  defined  in  the  Federal 
Facility  Agreement)  and  are  not  "Deadlines"  under  the  Federal 
Facility  Agreement. 
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The  Shell  Section  36  Trenches  IRA  will  consist  of  the  following: 


1.  Construction  of  a  temporary  service  road  extending  from 
the  fill  source  area  and  west  of  the  Hydrazine  Blending 
Facility  to  December  7th  Avenue.  This  service  road 
will  not  be  removed  as  part  of  this  IRA. 

2.  Upgrade  of  the  existing  service  road  extending  north 
from  December  7th  Avenue  along  the  eastern  margin  of 
the  proposed  earth  cover  over  the  Shell  Trenches. 
Upgrading  includes  reestablishment,  using  clean  fill, 
of  portions  of  the  road  on  the  eastern  side  of  the 
earth  cover. 

3.  Installation  of  an  approximately  rectangular  slurry 
wall  that  surrounds  the  Shell  Trenches.  The  slurry 
wall  will  be  keyed  into  the  Denver  Formation  on  the 
northern,  western,  and  north  half  of  the  eastern  sides 
of  the  slurry  wall  and  into  the  eluvial  clay  unit  of 
the  alluvium  on  the  southern  and  south  half  of  the 
eastern  sides  of  the  slurry  wall.  The  slurry  wall  will 
be  constructed  using  the  vibrating  beam  injection 
method. 

4.  Construction  of  an  earth  fill  cover  over  the  area 
surrounded  by  the  slurry  wall.  Roughly  the  bottom 
12-inches  of  the  cover  will  consist  of  compacted  fill, 
while  roughly  the  uppermost  20  inches  will  consist  of 
uncompacted  fill  suitable  for  supporting  a  vegetative 
cover. 

5.  Final  grading  to  establish  adequate  surface  water 
drainage.  Outside  of  the  area  surrounded  by  the  slurry 
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wall,  there  will  be  minor  earth  cuts  at  several 
locations . 

6.  Placement  of  soil  amendments,  crested  wheatgrass  seed, 
and  material  for  erosion  protection  over  all  areas 
disturbed  during  construction,  except  for  the  service 
roads  and  borrow  area. 

7.  Installation  of  six  soil  moisture  monitoring  stations; 
both  within  the  area  surrounded  by  the  slurry  wall  and 
outside  the  slurry  wall  perimeter.  Each  station  will 
be  used  to  evaluate  the  variation  in  soil  moisture  with 
depth  in  the  plant  root  zone. 

8.  Abandonment  of  fifteen  existing  alluvial  and  Denver 
Formation  groundwater  monitoring  wells  and  ten  well 
points,  all  of  which  are  either  located  within  the  area 
of  the  proposed  earth  cover  or  have  poor  or  question¬ 
able  construction.  Wells  to  be  abandoned  that  are 
outside  of  the  cover  area  are  located  both  upgradient 
and  downgradient  of  the  Shell  Trenches. 

9.  Installation  of  seven  alluvial  groundwater  monitoring 
wells  screened  in  either  the  eluvial  clay  or  the  eolian 
sand  unit.  These  wells  will  be  installed  and  sampled 
both  to  monitor  groundwater  quality  in  the  dissolved 
plume  and  to  confirm  the  presence  or  absence  of  DNAPL 
at  each  well  location.  Dissolved  plume  monitoring  will 
consist  of  collection  and  analyses  of  groundwater 
samples  at  a  semi-annual  frequency.  The  analyte  list 
includes  pesticides,  organosulfur  compounds,  DBCP, 
DIMP/DMMP,  and  volatile  organics. 
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10.  Installation  of  five  pairs  of  permanent  piezometers 
adjacent  to  the  slurry  wall  surrounding  the  Shell 
Trenches . 
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MDIQRANDUK  CF  UNDERSTANDING  BSTffZZS" 

THE  DEPARTMENT  CF  THE  ARMY  AND  SHELL  OIL  COMPANY 

WITH  RESPECT"  TO 

RESPONSE  ACTIDN  WORE  CONDUCTED  PURSUANT  TO  THE 
FEDERAL  FACILITY  AGREEMENT 


PABIZS&- 


This  Msaorandua  cf  Understanding  (*MOU*}  specifies:,  tha. 
cooperative  undartaxinqa  vnich  ara  to  occur  between  tha  Aray  (a 
potentially  responsible  party  undar  CSSLCLX)  and  Shall  (a 
potantially  responsible  party  undar  CERCIA)  with  respect- to_ any 
Scopa  of  WorJc  davalopad  pursuant  to  tha  Fadaral  Facility 
Agreeaant  nov  or  haraaftar  attached  as  an  exhibit  to  this  MOU. 

ZZ.  PURPOSE 


The  purpoaa  cf  this  MOU  ia  to  provida  an  apprcprtaca- 
tasis  pursuant  to  the  Fadaral  Facility  Agreeaant  for  Shall,  to 
participaca  m  tna  expeditious  (a)  assessment,  selection,  design 
and  iaplsaantation  of  an  IRA  or  (b)  oparation  and  maintenance-  of 
any  Raaponaa  Action  Stnctur*. 


III. 


sians 


The  following  taros ,  usad  in  tha  MOU,  shall  hava  tha- 
aaanings  indicatad: 

(a)  'Aray*  naans  tha  Unitsd  Statss  Department- of 
tha  Aray,  and  any  auccaaaors  or  aaalgna  tharaof,  and  any  agaaey, 
of  flea  or  othar  subdivision  tharaof;  and  includss  tha  officers, 
maabar*,  employees  and  agants  of  tha  Aray  whan  acting  vithin.  tha 
scopa  of  thaxr  authority. 


(b)  *Arsanal*  naans  tha  Unitad  Statsa  property 
icnovn  aa  tha  Roticy  Mountain  Araanal  and  described  sort 
particularly  on  Exhibit  A  harato. 

(c)  *CERCIA*  naans  tha  Coaprahanaiva  Environmental 
Raaponaa,  Compensation  and  Liability  Act  of  I9t0,  aa  amended  by 
tha  suparfund  Amendments  and  Raauthonzatlon  Act  of  1386. 

(d)  'Contractor*  naan*  any  commercial  parry  net  a 
part  of  Shall  with  which  shall  contracts  for  tha  parforamca  of 
Raaponaa  Action  voric  pursuant  to  this  MOU.  Unlass  othsrvxsa 
indicatad.  tha  term  also  includaa  a  subcontractor  retained  by  a 
pnaa  contractor  or  another  sxibcontraccor. 


a)  ’federal  Facility  Agreement'  naans  tna  Federal 
Facility  Agreement  for  Rocxy  “contain  Arsenal.  affective 
February  17,  1389.  including  ail  exni0it3  t.narato  (and  any 
amendments  cr  ncdif icaticns  tr.araof  :r  supplements  karats) . 

'  f)  'Tir.ancial  Manual'  naans  tna  dccumant 
identified  :r.  paraqrapn  7.4  cf  tna  Sattlamant  Agreement. 

(q)  '7crca  Ma^eure'  naans  any  event  ari3inq  frcn 
causaa  tayond  tna  central  cf  an  organization  that  causaa  a  dalav 
in  cr  pravants  tna  parforaanea  cf  any  coliqation  undar  tnis-MOtj". 
'Force  Ma^jaura'  ir.ciudaa.  Put  13  not  1  ini  tad  tc:  acts  cf  cod: 
fira:  var:  msurracticn ;  civil  distursanca:  exoiosion: 
unanticipated  oraaxaqa  cr  accidant  to  machinery,  aquipa«nr  cr 
linaa  of  pipa,  daapita  diliqant  maintenance:  adverse  vaathai r 
condition*  wmen  could  not  Oa  reasonably  anticipatad:  unusual, 
dalay  in  transportation :  earthquaxa :  raatraint  by  court  erdar  cr 
erdar  cf  public  autnority?  inability  tc  obtain,  at  raaaonabla 
test  and  aftar  exercise  :f  raasonaoia  diliqanca.  any  necessary 
autncrizaticns.  approvals,  permits  cr  licanaas  as  a- result  cf  tna 
action  or  inaction  of  any  governmental  agancy  cr  autnority  ether 
tnan  tna  Amy :  dalaya  caused  by  compliance  witn  applicable, 
statutaa  or  raqulationa  governing  contracting,  procurement- cr 
acquisition  procaduraa,  daapita  tna  exarcisa  of  raaaonabla 
diliqanca:  and  insufficiant  availability  of  apprepriatad  funds, 
if  tna  Army  snail  hava  mads  timely  raquaat  far  suen  funds  as  part 
of  tna  budgetary  procaaa.  'Tores  Ha j aura'  alao  includes  any 
striJea  or  labor  disputa,  whatnar  cr  not  vitnin  tna  control  of  tna 
Organization  affactad  tnaraby,  Out  3hall  not  inciuda  mcraaaad 
costs  cr  expanses  cf  Paspensa  Actions,  vhathar  cr  not  anticipatad 
at  tna  tina  suen  Fasponaa  Actions  vara  mitiatad. 

(h)  'TRA'  naan*  an  Intarin  Response  Action 
identified  in  Section  XXII  cf  tna  Fadaral  Facility  Agreement. 

(i)  'Laad  Party'  naans  tn*  Organization  t.nat  is 
dasignatad  vitn  rasponsvbility,  m  accsrdanca  witn  Saction  XLIII' 
of  tna  Fadaral  Facility  Agra a* ant,  for  conducting  a  Raaponsa 
Action,  or  any  pare  tnaraof. 

(j)  'JfOU'  or  'Memorandum  of  Undarstanding'  naan* 
to  tftis  antira  document  and  any  amendments  or  modifications 
hereof  and  supplements  hereto,  and  all  docuaants  mccrpcratad 
naram  by  rafaranca. 

(3c)  'NCP'  naans  tna  National  Oil  and  Hazardous 
Subatancaa  Pollution  Contingancy  Plan,  50  Fed.  Fag.  47912  (19851 
(effective  February  13  ,  1986),  and  all  amandaants  thereto  vnicn 
ara  not  inconsistent  vitn  CERCLA  and  vnicn  ara  effective  and 
applicable  to  any  activity  undartaXan  pursuant  to  this  MOU. 


:i)  'trganica ii:r/  naans  the  Army,  IPX  cr  Shall. 

'z)  'Party-  -.aans  tna  Army  cr  Shall;  'Partiaa- 
naans  tha  Army  and  Shall. 

'n)  'P.aspcnsa  Action*  has  tha  saaa  meaning- as 
'Rasocnd*  cr  'Rasoonsa*  as  cafir.aa  m  S action  121(25.)  cr  CIRCLX. 
42  U.S.C.  §  5501(25)  . 

(c)  'Scope  of  WorX-  naans  a  document  identified  ir. 
Part  VI  by  wruch  any  Raaponsa  Action  worx  for  vfucn  Shall  is  tha 
laad  Party  snail  ba  conducted. 

(p)  'Settlement  Agreement-  teens  tha  'Settlement 
Aqraaaant  Satvaan  tha  L’nitaa  Stataa  and  Shall  oil  cotpanv 
Concerning  Rocxv  Mountain  Arsenal.'  effective  February  it,  1389. 
including  all  exhibits  tnarato  (and  any  amendments  cr 

oodif icaticns  thareof  cr  supplaaants  thereto i . 

(q)  'Shall*  naans  (a)  Shall  Oil  Cotpany  and  its 
successors  and  assigns.  ;b)  tha  divisions  tharaof,  including 
Shall  Chemical  Cotpanv,  (c)  Julius  Hyman  £  Co.,  and  id)  Shall 
Chaaical  Corporation;  and  includaa  tha  officers ,  employees  and 
agants  of  Shall  vnan  acting  within  tha  3ccpa  of  thair  authority. 

All  ether  capitalised  terms  used  in  this  HOC  snail  have 
tha  same  meaning  as  m  tha  Federal  Facility  Agreement  cr  tha 
Settlement  Agreement  cr  tha  meaning  specified  in  an  executed 
Scots  of  Worx. 


This  HOC.  tha  Federal  Facility  Aqraaaant  and  the 
Settlement  Agreement  constitute  tha  entire  understanding  esewean 
tha  Army  and  Shall  with  raapact  to  Shell's  assisting  tna  Army  in 
tha  Response  Action  worx  described  in  an  executed  Scopa  cf  Worx, 
except  fer  any  subsequently  executed  Scopa  of  WorX  which  tha 
Parties  may  execute  with  raapact  to  such  Response  Action  vorX; 
constitute  tha  sola  conditions  controlling  Shell's  participation 
in  such  Raaponsa  Action  worx;  and  with  raapact  to  suen  Response 
Action  vorX.  supersede  any  other  agreement (s)  between  the 
Parties,  In  the  event  a  conflict  between  the  provisions  cf  the 
Federal  Facility  Agreement  and  tha  Settlement  Agreement  and  this 
MOU,  the  provisions  of  tha  Federal  Facility  Agreement  and  the 
Settlement  Agreement  shall  govern. 


By  their  execution  cf  this  MOU,  each  cf  tha  Parties 
aeXhCviadgas  and  agrees  as  follows: 


(a)  m*  provision  of  tha  Rsapcnaa  Action  wor x~ 
pursuant  ta  this  MOU  is  a  raasonabla  and  apprepriata  contributiorr 
oo  on  a  tasasaaonc.  saiaction,  daaign  and  laplacsntaticn  of' 
Rssponss  Actions  mat  ara  prctactiva  of  ma  praaant  and  futura 
public  haalth  and  ma  snvironnant. 

(b)  ma  Arty's  actions  undsr  mis  MOT  art  nor 
means  istant  vim  ms  HCP. 

(c)  Shall'*  actions  undsr  mis  MOT,  oo  ms-sxtaner 
osrcifitd  by  ms  Army  pursuant- to  Suhparf  vi.z. ,  art  consistsnt- 
vim  ms  hcv . 

id)  mis  MOT  doss  not  opsrata  to  tstablish  or-tb 
•xcusa  any  Shall  or  Arty  liability  undsr  any  lav,  ms  Ftdsrsi- 
Facilicy  Aorssasnt  or  ma  Stttltasnt  Agrasaant,  axcaot  to  ms 
axtant  providsd  in  mis  MOtT. 

(•)  mis  MOT  doss  not  opsrata  to  randar  Shall-  or 
any  of  its  Contractors  a  CERCIA  raspcnss  action  contractors 

(f)  mis  MOT  dess  not  opsrata  ta  axpand  or*  Unit- 
any  of  ms  rights  and  obligations  of  tha  Aray  as  Laad  Aganey“or 
Shall  as  Lssd  Party  undsr  any  lav  or  tha  Fadaral  Facility 
Agrssasnt. 

(g)  Tnlass  omarvias  providsd  in  a  Scops  of  Wort, 
upon  accaotancs  of  ms  Rasponss  Action  vor*  pursuant  ta  subpart 
Vi.z,  titla  to  any  Rasponss  Action  S tractors  including  all 
rslatsd  systsa a  and  facilitlas  constructsd  as  a  part  of  that' 
Rsaponss  Action  vorX  shall  pass  to  ms  Unitad  statss. 

(h)  ms  Aray  shall  bs  solsly  rssponsibla  for- 
obtaining  nscssaary  psraits,  if  any,  and  for  astablishing- 
substantivs  ccapilancs  vim  all  paraittlhg  rsquiraasnts  pursuant 
to  Ssction  121(a)  of  CZRCXA.  42  U.S.C.  9621(c),  far  any 
actlvitlss  conduct sd  pursuant  to  mis  MOT.  Hcvavar,  Shall  shall 
provids  any  nscssaary  tachnical  support  nscssaary  for  ms  Aray-  to 
obtain  such  psralts. 

(i)  This  MOT  has  no  prsesdsntial  or  controlling' 
sffact  with  rsspsct  to  any  mattar  vhich  is  not  axprsaaiy  tas. 
subject  of  this  MOT. 

(j)  This  MOT  do«s  not  craats  or  iaposs  any 
obligations  or  rssponsibilitias  on  ms  Partiss  or  rsiiavs  mss  of 
any  obligations  or  rssponsibilitias,  axcspt  ta  ma  sxtant 
axprassiy  providsd  hsrain. 
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X.  navalcCTiflnt  of  Scctn  cf  Vor! c:  Purat lant  to  Sacticn  xilll 
1  tha  Fadoral  Facility  Aaraaaant,  tha  Army  and  Shall  anall 
avalop  Sccpaa  of  Worx  by  vnich  Raaponaa  Action  worx  for  vnich 
hall  la  tha  Land  Parry  snail  ba  csncuctad.  A  Sccpa  cf  Worsr 
snail  include  any  raquirad  data  or  specifications  for  tha 
Raspcnsa  Action  vorX  to  ba  parforsad,  a  pro^actad  scnadula  for- 
coaplation  and  a  atataaant  as  to  tna  appropriata  limits  of 
insurants  to  ba  maintamad  by  Shall  pursuant  to  PartviX. 

3.  Incorporation  into  this  y.arj:  Any  Scopa  of  Worx 
davalcpad  pursuant  to  subpart  VI. A  and  axacutad  by  tha  Arty*  and 
Shall,  and  all  tha  taraa  and  conditions  tharatn  ara  Incorporatad- 
by  rafaranea  into  this  MOtJ. 

C.  Parfcrtancn.cf.  worx;  -pen  axacution  of  tha  scopa  of  - 
WorX  by  tha  Arsy  and  Shall.  Shall  snail  laaadlatalv  coaaanea.-  m 
oonaultation  and  cooparation  with  tha  Army,  aa  providad  in  tha  ■ 
consant  Caeraa.  to  parfora  tha  Raaponaa  Action  vorx  dascribad=-in 
tha  Scopa  of  Worx. 

D.  Hiring . of.  Centre ctcr:  subjact  to  tha  approval  cf  tha- 

Aray,  Shall  nay  hira  at  its  sola  axpanaa,  aublact  to  Part  VTX~,  a 
contractor  to  parfora  any  Raaponaa  Action  worx  daserihad  in  a 
Scopa  of  Worx.  A  Contractor  say  ba  tarainatad  by  shall  with  tha 
approval  of  tha  Aray,  which  approval  shall  not  ba  unraasonably 
vithhald.  Any  disagrasmant  with  raspact  to  such  taramation  not 
rasolvad  inforaally  shall  ba  rasolvad  in  accordanca  with  tha 
provisiona  of  Part  XIII. 

E.  Accaotanca  of  Wort:  1.  If  Shall  parforas  tha  Raaponaa 
Action  worx  in  accordanca  with  tha  spacificatlons  sat  forth  in 
tha  applieabla  Sccpa  of  Worx.  tha  Aray  shall  accapt  Shsll's  worx 
pursuant  to  this  KOTJ.  Tha  Aray  shall  act  proaptly  to  accapt- 
snail's  worx,  and  accstptancs  snail  not  ba  unraasonably  vithhald. 
Should  tha  Army  daclina  accaptanca,  it  ahall  promptly  notify 
Shall  in  writing,  atating  with  apacificity  tha  factual,  tachnical 
and  lagml  ban  as  for  such  nonaceaptanca . 

2.  If  Shall  concludsa  that  tha  Aray  is  in  arrer  for- 
traating  Shall 's  parformanca  as  inccaplsta  or  unaccaptabla  for- 
any  othar  raaaon.  Shall  shall  giva  notica  m  writing,  within  tan 
buainaaa  day*  of  tha  rscaipt  of  tha  Army's  writtan  notification, 
that  Shall  diaagraaa.  Any  such  disagrsaaant,  if  not  rssoivsd 
inforaally,  shall  ba  rssoivsd  in  accordanca  with  tha  provision* 
in  Part  XIII. 


VII 
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Shell  snail  maintain  such  Insurance  or  salf- insurance  as 
is  raauirad  by  statuta  or  raqulaticn  to  ccvar  any  claims  vniea 
ray  raasenably  fca  anticipated  to  ba  mada  aa  a  raault  ci  Racpensa 
Action  worm  bona  pursuant  to  any  Scopa  of  Worm  attacnod  as-an 
axnibit  to  this  MOtJ.  At  a  minimum.  Shall  snail,  at  its  sola- 
option,  procure  insurance,  aaintain  insurance  or  self-insure 
sufficiently  to  cover  the  fallowing: 

1.  worker's  compensation  and  occupational  diaeaae— 
insurance  in  aaounts  sufficient*  to  satisfy  applicable  state  lavi 

2.  Employer's  liability  insurance  in  the  minimum- 
amount  of  $100,000  per  occurrence:  and 

3.  Comprehensive  general  liability  inauranca  far- 
bodily  injury,  death  or  loss  of  or  damage  to  property  cf  third: 
persons  in  the  ainiaua  amount  of  S100 ,  COO  per  occurrence. 

Upon  this  MOtJ  becoming  effective.  Shell  shell  promptly 
provide  the  Army  with  an  affidavit  that  Shall  is  in  compliances 
•with  the  minimum  requirement*  of  this  Pam  Upon  the  aigningrof 
a  Scope  of  Worm,  Shall  shall  promptly  provide  the  Army  vith-an- 
affidavit  that  shell  ie  in  compliance  with  this  part  ae  to  thac 
Scope  of  Worm.  Upon  request.  Shell  ahall  dlecues  with  the  Army 
the  manner  in  vnica  Shell  will  fulfill  its  obligatlone  undar-this 
Pert. 


VIII.  ARMY  SUPPLggKTATTSK  07  SHILL  INSURANCI 

If  the  Response  Action  wort  being  performed  is  an  Army- 
Only  Response  Action,  as  defined  in  the  Settleaent  Agreement;  the 
Army  shell  releeee,  defend,  indemnify  and  hold  harmless  shalL- 
frcm  ell  losses,  finaa,  penaltiaa,  claims,  suits,  liabiiitia*,- 
judgmants.  or  expenses  (including  expanse*  of  litigation  or- 
settlement)  (collectively  hereinaftar  In  this  Part  VIII,  'claim*) 
with  rsspecr  to  any  death  or  injury  to  any  person  or  loss  of  or 
damage  to  property  ta  the  extant  that  thasa  result  from  the 
construction ,  operation,  collapse,  rupture  or  failure  of  any 
Response  Action  Struetura,  or  any  part  tharsof,  after  the  Army's 
acceptance  pursuant  to  Subpart  VI. £.  or  the  operation,  collapse, 
rupture,  failure  or  ineffectiveness  of  the  Response  Action 
Structure  as  e  result  of  the  construction,  operation,  collapse, 
rupture  or  failure  of  the  Response  Action  vor*  when  such  claim- is 
not  compensated  by  insurance  or  self-insurance,  to  the  extent 
provided  below: 

(a)  Shell  is  not  in  material  breach  of  this  HOC 
with  rsspect  to  the  Scope  of  Wor*  pursuant  to  waich  such  Responsa 


Action  wort  waa  parfermad  cr  sucft  Raaponsa  Action  structura  vu 
constructed* 

(b)  Any  claim  wnich  is  within  tha  doductibla  - 
amounts  cf  Shall' s  inauranca  snail  not  ba  sublet  to  this  Part: 

(c)  Shall  shall  not  ba  raimbursod  for  any  claims 
(including  expansaa  mcidantal  to  such  claiaa)  to  tha  •xtanc  that 
thav  raault,  m  wnola  or  in  part,  iron  willful  misconduct  or~ 
raexlassnass  by  Shall; 

(d)  Tha  Army  may  disenarga  ita  obligation*  undar- 
this  Part  by  taxing  paymants  diractly  to  Shall  or  diractly  to  any 
party  to  whoa  Shall  nay  ba  liabla  upon  obtaining  a  ralaasa  fro* 
that  party,  vnich  ralaaaa  provida*  adaquata  prctaction  for  Shall. 

(a)  If  inauranea  covaraga  maintainad  in  accordant* 
with  Parc  ’/II  is  raducad  balov  tha  ainiauaa  apaeifiad  in  that 
Part  without  tha  Amy's  fcnovladga  or  approval,  tha  liability  of 
tha  A  ray  undar  this  MOU  snail  not  ba  meraassd  by  raaaon  of  such 
reduction; 

(f)  To  tha  axtant  that  any  claim  against  Shall  may 
raaaonably  ba  axpaccad  to  involva  indamnification  undar  this 
Part,  Shall  shall: 

(1)  promptly  notify  tha  Army  of  such  claim 

against  Shall; 

(2)  furnish  avldanea  or  proof  of  any  claim 
covarsd  by  this  Part  in  tha  nannar  and  form  raaaonably  raquastad 
by  tha  Army;  and 

(3)  Lmaadiataly  furnish  tha  Army  with  copias 
of  all  partlnant  papara  raeaivad  by  Shall. 

(g)  To  tha  axtant  that  tha  amount  of  tha  claim  is 
not  dataralnad  to  ba  in  axesaa  of  tha  limits  sat  forth  in  Partr 
VTX  or  to  tha  axtant  that  tha  amount  of  tha  claim  cannot 
raaaonably  ba  dataralnad  to  ba  or  not  to  ba  in  axes  a  a  cf  thosa 
limits.  Shall  and  ths  Army  shall  conduct  a  joint  dsfansa  or~ 
sattiasant.  Ones  it  is  dataralnad  that  tha  amount  of  tha  claim 
is  in  axesss  of  tha  limits  sat  forth  in  Part  viz.  tha  Army  shall 
diract  and  control  such  dafansa  or  sattiasant,  with  aaaiatanca  by 
Shall  aa  is  accsptabla  to  both  Partlas,  and  Shall  shall  exacuta 
any  authorisation*  which  tha  Army  raaaonably  raquiras  in 
connacclon  with  such  sattlamant. 

(h)  Raiabursamant  for  any  claim*  undar  this  Part 
shall  not  axcaad  appropriations  availabla  during  tha  tlaa  that 


such  ciaiaa-ara  raprasantad  by  final  judcmants  or  by  sattiena nts- 
apprevad  in  writing  by  tna  Dapartsant-  of  Juatica.  This  agrcQaamr- 
to  raimPuraa  Shall  for  cartam  ciaias  snail  not  ba  tntarpmtod-as- 
laplymg  tnat  Ccngraoa  snail,  at  a  latar  data,  appropnata-funds- 
sufficiant  to  oaat  any  daf icianciaa.  during  ail  tiana  that^ 
claims  rataam  unraianursod  dua  to  lac*  of  appropnatad  fundrtc-  tna 
Army  snail  axart  ita  baat  afforts  to  cotam  appropriations  for 
sucn  rtiacuraaaant. 


:x.  T^ATMgrrcr  cssts-  ismagn 

ay  SSSLS.  ^rn^trxKT  tc  this  hoc 


Any  coxta  ineurrad  by  Shall  pursuant  to  thix  MOU  arar 
Raimbursabls  Costs  and  snail  ba  govamad  by  tha  Sactlaaanf 
Agrtamant  and  tha  financial  Manual. 


x.  cs  garrarmy  cr  p^rtq^hancs 


A.  Aa  providad  in  tna  consant  Zaeraa.  if  a  Parry  is 
rendarad  unabla.  wnolly  cr  in  parr,  by  Forca  Ha} aura  to  carryout 
its  oaligatlons  undar  this  MOU,  than  upon  that  Party's  giving- 
writtan  notlca  aa  providad  in  Subpart-  XI.  C. ,  tha  obligationa-of 
that  Party,  so  far  aa  thay  ars  affactad  by  tha  avant  of  Forca 
Ha-}  aura  tha  ram  apacifiad,  snail  ba  suspondad  during  tha 
contlnnanra  of  sucn  cauaa.  but  for  no  longar  parlod,  and  su cb 
causa  snail  ba  raaadiad  ao  far  as  posaibla  with  all  raasonanla 
dispatch. 

B.  Tha  sattlaaant  of  a  striba  or  othar  labor  disputa  ahall 
ba  antiraly  within  tha  diacratlon  of  tha  Party  involvad  with-  such 
striba  or  labor  dlaputa,  and  tha  raquiraaant  that  any  evanf  of 
Forca  Ha j aura  shall  ba  raaadiad  with  all  raasonanla  dispatch^ 
shall  not  raquira  tha  sattlaaant  of  a  strides  or  labor  disputa^by 
accading  to  tha  daaanda  of  tha  opposing  party  whan  sucn  cooraa^is 
inxdvisabla  in  tha  diacratlon  of  tha  Parry  involvad  with  suchi 
striba  or  labor  dlaputa. 

C.  Whan  cixcuaataneaa  ars  occurring  or  hava  occurrsd  that 
daisy  tha  coaplatlon  of  any  obligation,  and  a  Parry  baliavaa-auch 
circuaatancaa  conarirura  an  avant  of  Forca  Kajaura,  such  Parry' 
ahall  notify  tha  othar  organizations  in  writing  within  15  days- 
aftar  tha  notifying  Party  obtains  information  indicating  that--  a 
daisy  will  occur.  Such  netica  shall  includa  a  datailad 
axplanation  of  tha  raaaon(s)  for  and  anticipatad  duration  of  tha 
daisy,  tha  saasuras  taXan  and  to  ba  tsJcan  to  pravant  or  ainiaixa 
tha  daisy,  and  a  aehadula  for  iaplamantation  of  such  aaasuraa. 
Failura  to  provida  notica  in  accordanca  with  this  paragraph 
within  tha  racuirad  15-day  pariod  ahall  conatituta  a  waivar  of 
any  claim  of  Forca  Majaura  with  raapact  to  any  avant  of  Forca 
Ma^aura  for  which  notica  was  not  tiaaly  gi van. 


0.  If  t ha  organizations  cannot  agraa  -  vnethar~  a  dalay  it  or- 
va*  attributable  to  an  tvont  cf  Ferca  Ma^aura,  any  organization 
cay  ir.voca  Dispute  Raaoluticn  pursuant  to  Section  X  cf  tha  - 
Sattlamant  Agraaaant. 

Z.  Scoca  of  vortt.  Modification:  If  parformanca  of  this  MOtJ' 
is  delayed  because  any  Party  finds  it  nacaaeary  to  sajca 
codifications  to  addraaa  an  unanticipated  occurranea  vnicfi  may 
causa  a  dalay  of  aora  t&an  tvo  vaeJcs,  sucn  modifications  snail- ba 
developed  and  implemented  by  Shall  in  consultation  and 
cooparation  with  tha  Army.  Any  disputas  not  resolved  informally 
shall  ba  rasolvad  pursuant  to  tha  provisions  of  Part  XIV. 

Furtnsr.  if  Shall  anticipataa  tha  dalay  resulting  from  any  sueh- 
aodif icationa  will  nacaaaitata  tha  extension  of  a  Deadline,  it 
shall  request  such  an  axtansion  in  accordanca  with  Saction  XXVT' 
cf  tha  Fadaral  Facility  Agreement. 

F.  ?naf feetad  Activities;  to  tha  extant  that  tha 

unanticipated  accurranca  coaa  not  nacaaaitata  dalay  in  any 
discrata  portion(s)  of  tho  activitias  providad  in  Part  VI such- 
portion(s)  of  tha  activitias  shall  procaad  as  originally  providad 
in  tna  MOU  irrespective  of  tha  naad  for  modi  float  ion  of  other- 
parts  of  tha  MOU. 

XI.  SHELL  ACCSSS  T3  FOCSY  MOUNTAIN  ARSENAL 

Shall  and  its  Contractors  shall  ba  affordad  accaaa  to 
all  ralavant  portions  of  tha  RXA  in  ordar  to  perform  its 
obligations  undar  tha  MOU  pursuant  to  tha  taros  and  conditions  of 
tha  Accaaa  and  Usa  Agraaaant  attachad  aa  Exhibit  Z  to  tha 
Sattlamant  Agraaaant  until  such  time  as  tha  Arsy  and  Shall 
axacuta  an  applicabis  suparaading  agraaaant. 

XII.  DISPUTE  RESOLUTION  AND  JUPIKAL  RETT Sff 

A.  Dlsmrea  Resolution:  Any  disputa  which  arisaa  in 

connactioh  with  MOU  may  ba  submitted  for  resolution  pursuant 

to  Sactio a  X  of  tha  Sattlamant  Agraaaant.  Prior  to  any  such 
subolsslon.  Shall  and  tha  Arsy  shall  sxaat  and  attaapt  to  rasolva 
tha  disputa  infernally. 

B.  Judicial  Review;  1.  Judicial  raviaw  of  isauaa  arising 
in  connaction  with  this  MOU  ahall  ba  obtained  pursuant  to  saction 
XI  cf  tha  Sattlamant  Agraaaant. 

2.  Tha  pandaney  of  any  disputa  shall  not  affact  tha 
rasponsihility  of  tha  United  States  or  Shall  to  continue  their 
involvement  in  tha  assessment,  selection,  design  and 
implementation  of  Raapcnaa  Actions,  or  discrata  portions  cf 
Rasoonse  Actions,  not  subject  to  such  dispute. 


XIII.  sonm. 


A.  Tufas.  This  MOU"  shall  continua  In  affaet  as  to  a 
spacific  Scopa  of  Wort  until  ana  Army,  pursuant  ta  Subpare- VI. Z. , 
accapta  Shall 's  wort  pursuant  ta  this  HOT,  ana  tha  ravnauraoaant 
zr  paymant  has  baan  aada  pursuant  ta  Parc  12. 

3.  Modification:  Any  provision  of  this  MOT  or  cf  any  scopa 
of  Wort  may  ba  modifiad  at  any  tiaa  by  both  Partiaa'  agraanant. 
Any  modification  muat:  (1)  ba  in  writing*  (2)  show  tha  data- 
signad  by  tha  Partiaa*  (2)  spacify  that  it  is  lntandad  to  modify 
this  HOC:  (4)  stata  tha  provisions  of  tha  MOT  ta  ba  modifiad:  (5) 
stata  tha  nav  provisions:  and  (6)  stata  vnan  tha  nav  provisions 
ara  to  ba  affactlva. 

C.  Effect  of  Execution:  This  HOT  shall  baccma  affacciva  on 
tha  latar  of  its  axacutian  by  tha  Partiaa  or  tha  antry  of  tha 
Consant  2 a era  a .  A  Scopa  of  Wort  shall  bacoaa  affacciva.  final 
and  binding  upon  its  axacution. 

IN  WITNESS  WHEREOF.  I  hava  haraundar  sat  my  hand  aa-an 
author izad  raprasantatlva  of  tha  Unitad  Statas  Daparemant-  of  tha 
Army. 


'  — ° 

oata:  ^ 

’Lmwia  0.  WalJcar 
Daputy  for  Environmant,  Safaty 
and  Occupational  Haalth 


IN  WITNESS  WHEREOF,  I  hava  haraundar  sat  ay  hand  aa-an 
authorixad  rapraaantativa  of  Shall  Oil  Company. 


Oata: 


R.G.  Dillard 
Vica  Praaldant 


«ii.  asami- 


X.  Tara:  TUii  MOO  shall  ccntinua  in  affser  as  to  a 
spacifio  Scapa  of  Verb  until  tna  Arav ,  pursuant  to  Suhparr 'rz.z. 
accapts  Shall'*  worm  pursuant  to  thia  MOO,  and  tha  raishursaaont- 
or  pays ant  haa  caan  nada  pursuant  to  Parc  IX. 

3*  Modification;  xny  provision  of  thia  MOO'  or  of  anv  scooa 
of  Vor*  may  Pa  modifiad  at  any  tin*  by  both  Partis*'  agrssaonc. 
Any  modification  must:  (1)  ba  m  writing;  (2)  snow  tha  data^. 
signad  by  tha  Pareiaa;  (3)  apacify  that  it  la  lntandad  to  modify 
thia  MOU:  (4)  atata  tha  provision*  of  tha  HOC  to  ba  modifisd;  (5) 
atata  tha  nav  proviaiona;  and  (S)  atata  vnan  tha  naw  proviaiona 
ara  to  ba  affactiva. 

C.  Efface. of  gxacqtlan!  This  KOU  shall  baeoaa  affactiva  on 
tha  latar  of  Its  axacuticn  by  tha  Partiaa  or  tha  antry  cf  tha 
Cansant  Dacraa.  X  Scapa  of  Worm  shall  bacon*  affactiva,  finai- 
and  binding  upon  its  asacutlon. 

IN  WTTJTESS  WHZSZOf,  I  hava  haraundar  sat  ay  hand  aa  an 
authorlzad  rapraaantativa  of  tha  (Jnitad  Stataa  Daparesant  of  tha 
Army. 


Data:  _________________________ 

Lav  is  Q.  WaJJcar 
Daputy  for  Environaant,  safaty 
and  Occupational  Haslth 


IH  WTTHZSS  WHZHZOf ,  I  hava  haraundar  sat  ay  hand  as  an 
author! zad  rapraaantativa  of  Shall  Oil  company. 

^  /• 


R.G.  Dillard 
Vica  Praaldant 


SCOPE  OF  WORK 


Shell  will  perform  the  following  activities  as  lead  party  for 
design  and  implementation  of  the  Shell  Section  36  Trenches  IRA: 

1.  Perform  the  preliminary  investigation  and  engineering 
required  to  develop  a  Preliminary  Engineering  Design 
Package  for  review  and  approval  by  the  Army. 

2.  Prepare  the  Draft  and  Final  Implementation  Documents 
for  review  and  approval  by  the  Army  and  implement  the 
Shell  Section  36  Trenches  IRA. 

3.  Perform  detailed  design  of  the  selected  system,  based 
upon  the  agreed  specifications,  which  will  be  in 
conformance  with  the  selected  alternative  set  forth  in 
the  Final  Decision  Document  and  including  the 
following: 

a.  Temporary  service  road  extending  from  the  fill 
source  area  (eastern  stockpile  of  sediment 
excavated  during  the  Lower  Derby  Lake  embankment 
and  spillway  construction)  and  west  of  the 
Hydrazine  Blending  Facility  to  December  7th 
Avenue.  The  service  road  will  not  be  removed  as 
part  of  this  IRA. 

b.  Permanent  service  road  extending  north  from 
December  7th  Avenue  along  the  eastern  margin  of 
the  proposed  earth  cover  over  the  Shell  Trenches. 

c.  Slurry  wall  surrounding  the  Shell  Trenches  that  is 
keyed  into  the  Denver  Formation  on  the  northern, 
western,  and  north  half  of  the  eastern  sides  of 
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the  slurry  wall  and  into  the  eluvial  clay  unit  of 
the  alluvium  on  the  southern  and  south  half  of  the 
eastern  sides  of  the  slurry  wall. 

d.  Earth  fill  cover  averaging  about  32  inches  thick 
over  the  area  surrounded  by  the  slurry  wall,  with 
compaction  of  approximately  the  bottom  12-inches 
of  fill. 

e.  Final  grading  for  surface  water  drainage  over  the 
earth  cover  and  around  the  cover  perimeter. 

f.  Placement  of  soil  amendments,  seed,  and  material 
for  erosion  protection  over  all  surface  areas 
disturbed  during  construction;  with  the  exception 
of  the  service  roads  and  borrow  area. 

g.  Six  soil  moisture  monitoring  stations  both  within 
the  area  surrounded  by  the  slurry  wall  and  outside 
of  the  slurry  wall  perimeter. 

h.  Abandonment  of  fifteen  alluvial  and  Denver 
Formation  monitoring  wells  and  ten  well  points 
located  throughout  the  construction  area. 

i.  Seven  new  alluvial  groundwater  monitoring  wells 
outside  of  the  area  surrounded  by  the  slurry  wall. 

j .  Five  pairs  of  permanent  piezometers  installed 
adjacent  to  the  slurry  wall. 

4.  Perform  all  work  required  for  the  construction  of  the 

Shell  Section  36  Trenches  IRA  as  described  more  fully 


-17- 


in  the  Shell  Section  36  Trenches  IRA  Implementation 

Document  (as  defined  below) ,  including  the  following: 

a.  Procure  all  required  materials  and  subcontractors. 

b.  Provide  supervisory  and  construction  labor  to 
manage  subcontracts;  install  a  slurry  wall,  earth 
cover  with  adequate  site  drainage,  wells, 
piezometers,  soil  monitoring  stations,  and 
required  roads  and  utilities;  and  abandon  existing 
wells . 

c.  Supervise  startup  of  monitoring  and  maintenance 
programs  for  the  Shell  Section  36  Trenches  upon 
completion  of  construction. 

d.  Perform  all  activities  described  in  this  paragraph 
4  in  accordance  with  the  construction  work  plan, 
basis  of  the  estimated  costs,  schedule,  technical 
specifications,  engineering  drawings,  and  health 
and  safety  plan  to  be  set  forth  in  the  Shell 
Section  36  Trenches  IRA  Implementation  Document. 

e.  The  term  "Shell  Section  36  Trenches  IRA 
Implementation  Document"  means  the  following 
documents,  both  of  which  are  hereby  incorporated 
herein  by  reference: 

(1)  Final  Implementation  Document  for  the  IRA  to 
implement  a  system  of  passive  containment  and 
monitoring  in  the  Shell  Section  36  Trenches 
area.  This  document  is  to  be  prepared  by 
Morrison-Knudsen  (MK)  for  Shell  and  any 
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amendments  or  modifications  thereof  and 
supplements  thereto. 

(2)  Prior  to  issuance  of  the  documents  described 
in  4.e.(l),  but  only  prior  to  issuance  of  the 
documents,  the  Draft  Implementation  Document 
for  the  IRA  to  implement  a  system  of  passive 
containment  and  monitoring  in  the  Shell 
Section  36  Trenches  area  shall  be  prepared  by 
MK  for  Shell. 

5.  The  Draft  Implementation  Document  must  be  completed  by 
December  20,  1990.  The  Army  will  issue  the  Draft 
Implementation  Document  to  the  other  Organizations, 
Department  of  Interior,  and  the  State  by  December  20, 
1990,  and  require  comments  within  thirty  (30)  days  of 
the  date  of  issuance.  Within  five  (5)  working  days 
after  the  end  of  the  30  days  comment  period,  the  Army 
will  submit  copies  of  all  comments  received  to  Shell 
for  review  and  inclusion  in  the  Final  Implementation 
Document,  as  appropriate. 

Shell  will  submit  thirty  (30)  complete  copies  of  the 
Final  Implementation  Document  to  the  Army  as  a 
deliverable  within  twenty  (20)  working  days  of  receipt 
of  comments  by  Shell  on  the  Draft  Implementation 
Document.  The  Army  shall  issue  the  Final 
Implementation  Document  to  the  other  Organizations, 
Department  of  Justice,  and  the  State  no  later  than  five 
(5)  working  days  after  receipt  from  Shell. 

6.  During  performance  of  construction  of  this  Interim 
Response  Action,  Shell  shall  submit  a  monthly  letter 
progress  report  to  the  Army  summarizing  work  performed 
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versus  work  planned,  highlighting  major  items 
completed,  and  updating  the  schedule  of  construction 
until  the  Interim  Response  Action  is  completed. 
Monthly  letter  reports  shall  be  submitted  to  the  Army 
within  ten  (10)  working  days  after  the  end  of  each 
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Page  21  left  blank  intentionally 


3 . 0  CONSTRUCTION  WORK  PLAN 

1.  Survey :  The  construction  area  will  be  staked  to  locate  and 
define  the  dimensions  of  cut  and  fill  earthwork,  and  to 
locate  wells  and  facilities. 

2.  Monitoring  During  Construction:  The  general  nature  of 
subsurface  contamination  has  been  characterized  from 
previous  investigations  in  the  Shell  Trenches  area,  and  is 
reflected  in  the  protective  measures  outlined  in  the  Task 
Specific  Health  and  Safety  Plan. 

All  construction  activities  described  in  previous  sections 
will  be  monitored  by  Health  and  Safety  Personnel  using  field 
instrumentation.  Should  results  of  monitoring  warrant 
further  investigations,  additional  testwork  will  be 
specified  and  implemented. 

3.  Construction:  Construction  of  the  slurry  wall  will  be 
completed  using  the  vibrating  beam  injection  method. 
Distribution  of  fill  for  the  earth  cover  will  be 
accomplished  using  low  ground  pressure  equipment.  Other 
construction  will  be  performed  using  conventional  methods 
established  for  the  RMA.  Any  contaminated  soils  that  are 
removed  during  construction  will  be  drummed  and  handled  per 
RMA  Standard  Operating  Procedures. 

The  initial  phase  of  earthwork  construction  will  involve 
placement  of  the  temporary  service  road  to  December  7th 
Avenue  and  permanent  service  road  to  the  construction  area. 
This  will  enable  fill  material  to  be  hauled  and  dumped  on 
clean  fill  in  the  Shell  Trenches  area  for  subsequent 
spreading.  This  technique  will  also  eliminate 
decontamination  requirements  for  vehicles  transporting  fill 
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material.  During  use  of  the  temporary  service  road,  traffic 
control  measures  will  be  implemented  at  the  December  7th 
Avenue  crossing.  Construction  of  the  temporary  road  will  be 
coordinated  with  the  Army  to  schedule  removal  by  the  Army  of 
above-grade  piping  and  insulation  conflicting  with  the 
right-of-way  for  the  temporary  service  road. 

Construction  of  the  compacted  layer  of  the  earth  cover  will 
focus  initially  on  constructing  an  elevated  working  bench 
along  the  alignment  of  the  slurry  wall.  As  the  slurry  wall 
is  placed,  portions  of  the  working  bench  may  be  regraded  to 
complete  placement  of  the  remainder  of  the  compacted  layer. 
Final  grading  will  extend  outside  of  the  area  surrounded  by 
the  slurry  wall  to  enable  establishment  of  adequate  site 
drainage.  Abandonment  of  wells  outside  the  surrounded  area 
and  construction  of  monitoring  wells  will  be  done 
concurrently  with  slurry  wall  and  cover  placement,  since  the 
locations  are  outside  the  area  of  earthwork  construction. 
Revegetation  work  will  be  completed  in  all  areas  disturbed 
by  new  construction,  with  the  exception  of  the  service  roads 
and  borrow  area. 

4.  Dust  Control:  During  the  period  when  earthwork  operations 
are  in  progress,  a  water  truck  will  be  onsite.  Surfaces 
will  be  sprayed  to  maintain  the  surface  soil  moisture 
content  and  control  the  evolution  of  dust. 

5.  Geological  Services:  A  geologist  will  be  onsite  to  monitor 
the  construction  work  and  log  information  on  slurry  wall 
depths  and  borehole  lithology,  construction  for  wells  and 
piezometers,  and  well  abandonment. 

6.  Reveaetation  Management;  A  natural  resources  specialist 
will  be  onsite  periodically  to  supervise  soil  preparation, 
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seeding,  and  placement  of  material  for  erosion  protection; 
and  to  evaluate  the  development  of  the  vegetative  cover. 

This  individual  will  also  supervise  placement  of  soil 
moisture  monitoring  stations  and  coordinate  with  other 
scientific  personnel  in  the  collection  and  management  of 
data  from  the  monitoring  network. 

7.  Health  and  Safety:  A  Health  and  Safety  representative  will 
be  onsite  to  monitor  construction  activities  using  field 
instrumentation  to  ensure  worker's  safety  and  identify  the 
presence  of  any  volatile  organic  compounds  that  may  be 
encountered. 

8.  Quality  Assurance/Oualitv  Control  (OA/OC) ;  Periodic  field 
surveillance  of  construction  activities  will  be  performed  by 
QA/QC  personnel,  with  audits  performed  by  the  project  QA/QC 
management . 

9.  Reporting;  The  Construction  Manager  shall  prepare  Daily 
Construction  Reports  to  record  field  activities. 

Separately,  a  daily  personnel  log  shall  be  used  to  record 
the  names  of  all  personnel  who  have  visited  the  site. 

As  described  in  the  IRA  Scope  of  Work,  a  summary  of  IRA 
construction  activities  will  be  presented  to  the  Army  on  a 
monthly  basis. 

10.  Organization:  An  organization  chart  for  the  construction  of 
the  Shell  Section  36  Trenches  IRA  is  attached. 
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Shell  IRA 
Project  Manager 
Mike  Anderson 


Organization  Chart 

Shell  Section  36  Trenches  IRA 


4.0  ESTIMATED  COST  AND  BASIS  OF  THE  ESTIMATE 


The  attached  Cost  Estimate  Summary  has  been  prepared  for 
implementation  of  the  Shell  Section  36  Trenches  IRA.  Included  in 
the  estimated  costs  are  the  slurry  wall,  earthwork,  revegetation, 
well  and  piezometer  construction,  well  abandonment,  and  placement 
of  the  soil  monitoring  network. 

All  activities  are  defined  in  the  enclosed  engineering 
specifications  (Volume  II) ,  and  the  enclosed  drawings  (Volume 
III) .  The  subject  specifications  and  drawings  were  issued  as 
part  of  this  Draft  Implementation  Document  for  review  and  comment 
by  the  Organizations  and  the  State. 

Labor  costs  are  based  on  the  prevailing  merit  shop  wage  rates  in 
Adams  County,  Colorado.  Equipment  hourly  rates  are  based  on 
historical  Morrison-Knudsen  Corporation  equipment  operating 
costs.  Prices  for  permanent  materials  and  major  equipment  are 
based  on  verbal  quotations  and  current  estimating  manuals. 

Indirect  costs  for  construction  management,  Contractor's  overhead 
and  fee,  and  the  Health  and  Safety  Program  are  also  included  in 
the  estimate.  The  estimate  has  been  prepared  on  the  basis  of 
Morrison-Knudsen  Corporation  acting  as  construction  manager  for 
Shell  Oil  Company  and  subcontracting  all  work,  except 
construction  of  soil  moisture  monitoring  stations. 

For  the  development  of  costs  for  health  and  safety  supplies  as 
well  as  labor  productivity  estimates,  it  was  assumed  that  all 
work  will  be  performed  with  modified  Level  C  personnel  protection 
as  stated  in  the  Task  Specific  Health  and  Safety  Plan. 

Estimated  costs  are  represented  for  the  first  year  of  monitoring 
and  maintenance  following  completion  of  construction.  Costs  for 
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drumming  potentially  contaminated  materials  have  been  included 
for  well  cuttings,  well  development,  and  groundwater  sampling 
only. 


COST  ESTIMATE  SUMMARY 

Construction 

1. 

Roadwork 

$ 

12,000 

2. 

Earth  Cover /Revegetation  and 

Soil  Moisture  Monitoring  Stations 

432,000 

3. 

Slurry  Wall 

456,000 

4. 

Monitoring  Wells,  Piezometers,  and 

Well  Abandonment 

85 . 000 

SUBTOTAL  DIRECTS 

$ 

985,000 

5. 

Health  and  Safety 

129,000 

6. 

Construction  Management 

SUBTOTAL 

280.000 

$1 

,  394,000 

7. 

Contingency,  Fees,  and 

Distributable  Allocation 

331.000 

CONSTRUCTION  TOTAL 

$1 

,725,000 

Annual  Monitoring/Maintenance 
(including  data  reporting,  Health  & 

Safety,  QA/QC,  analytical,  waste  handling) 

1. 

Groundwater  Quality 

$ 

30,000 

2. 

Vegetation  Cover/Water  Table 

29,000 

27- 
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1.0  INTRODUCTION / SCOPE 

This  Task-Specific  Health  and  Safety  Plan  (TSHSP)  provides  the 
basis  for  performing  the  Shell  Section  36  Trenches  Interim 
Response  Action  in  a  way  that  will  control  and  minimize  the  risk 
to  the  health  and  safety  of  MK  and  subcontractor  personnel.  The 
plan  defines  the  specific  requirements  and  protocols  for  the 
protection  of  personnel  performing  the  work. 

Applicability  of  the  TSHSP  extends  to  all  MK  employees, 
subcontractors,  and  site  visitors  under  MK's  control.  This  work 
will  be  performed  in  accordance  with  the  MK  RMA  Project  Safety 
and  Health  Program,  the  RMA  Site  Health  and  Safety  Plan,  the  MK- 
Ferguson  Safety  Manual,  and  all  federal  occupational  health  and 
safety  rules  and  regulations. 

This  TSHSP  will  be  reviewed  by  all  MK  and  subcontractor  personnel 
involved  with  the  task  prior  to  performing  the  work. 

2.0  HAZARD  ASSESSMENT 


2 . 1  Chemical  Hazards 


Historical  information  indicates  that  the  following  chemical 
compounds  have  been  detected  in  the  groundwater  and/or  soil 
in  the  area  that  the  work  will  be  performed. 
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Chemical 

Vapor 
Pres . 

(mm  Hg 

PEL/TLV  IDLH  at  25°C) 

Odor 

Threshold 

Symptoms 

Aldrin 

0.25  -  6xl0'6 

mg/m3 

(0.017 

ppm) 

CNS 

stimulant, 
nausea, 
vomit¬ 
ing,  convuls¬ 
ions  . 

Arsenic 

0.2mg/m3  TLV  - 

0.5  (PEL-organic) 

0.01  (PEL-inorganic) 

Dermatitis, 
respiratory 
irritant, 
ulceration  of 
nasal  septum 
and  blood 
collection 
under  the 
skin. 

Benzene 

Ippm  2000ppm  75.0 

1 . 5ppm 

Eye  and 
respiratory 
irritant,  CNS 
depressant, 
skin 

irritant . 

Carbon  Tetrachloride 

2ppm  -  91.0 

( 20°C) 

50ppm 

Drowsiness, 
dizziness, 
delayed 
damage  to 
heart,  liver, 
and  kidneys, 
intense  eye 
irritation. 

Chlordane 

0.5mg/m3  500mg/m3  1X10'5 
( 0 . 030ppm)  (20°) 

— 

Shaking, 

blurred, 

vision, 

irritability, 

confusion, 

delirium, 

staggering, 

confusion, 

nausea,  and 

diarrhea. 
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Vapor 
Pres . 

(mm  Hg  Odor 


Chemical 

PEL/TLV 

IDLH 

at  2S°C\ 

Threshold 

Symptoms 

Chlorobenzene 

75ppm 

2400ppm 

8.8 

(20°C) 

60  ppm 

Drowsiness , 
eye,  nose, 
and  skin 
irritant. 

Chloroform 

2  ppm 

160.0 
( 20°C) 

50  ppm 

Eye  and  skin 

irritant, 

liver 

and  kidney 
injury, 
fatigue, 
headache. 

p-Chlorophenylmethyl 

sulfide 

( CPMS ) 

Not 

Estab. 

0.11 

CNS 

depressant, 

labored 

breathing. 

p-Chlorophenylmethyl 

sulfoxide  (CPMSO) 

None 

Estab. 

8X10'4 

“ 

Anorexia, 

depression, 

weakness, 

diarrhea, 

skin  and  eye 

irritant. 

p-Chlorophenylmethyl 

sulfone 

(CPMS02 ) 

Not 

Estab. 

5xl0'4 

Mild  skin 
irritant, 
anorexia, 
weakness, 
depression. 

Dibromochloropropane 

(DBCP) 

Ippb 

0.8 
( 20°C) 

O.Olppm 

Drowsiness, 
nausea, 
vomiting, 
eye,  nose, 
and  throat 
irritant. 
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Vapor 
Pres . 

(mm  Hg  Odor 


Chemical 

PEL/TLV  IDLH 

at  25°C} 

Threshold 

Symptoms 

p, p-Dichlorodiphenlytrichloroethylane 
(DDT) 

1.0mg/m3  - 

(0.069 

ppm) 

1.9xl0'7 

Prickling 
sensation  of 
tongue,  lips, 
and  face, 
headache, 
fatigue, 
vomiting, 
dizziness, 
irritation  of 
eyes  and 
skin. 

p, p-Dichlorodiphenyltrichloroethylane 
(DDE) 

( 1 ) Not  - 

Estab. 

6 . 5xl0"6 

— 

Not  known. 

Dicyclopentadiene  (DCPD) 

5  ppm  - 

1.4 
( 20°C) 

lppm 

Headache. 

1 , 2-Dichloroethane 

50 ppm  - 

lOppm  (TLV) 

87.0 

88ppm 

Nose  and 

throat 

irritant, 

coughing, 

shortness  of 

breath, 

nausea, 

vomiting  and 

headaches. 

1 , 2-Dichloropropane 

-  - 

— 

— 

Not  known. 

Dieldrin 

0.25 

mg/m3 

(0.016 

ppm) 

1.8xl0'7 
( 20°C) 

Headache, 

dizziness, 

nausea, 

vomiting, 

blood 

in  urine, 

coma. 

TASK  SPECIFIC  HEALTH  AND  SAFETY  PLAN  PAGE  5 
SHELL  SECTION  36  TRENCHES  IRA 


REVISION  0 
DATE  12/17/90 


Vapor 
Pres . 

(mm  Hg  Odor 


Chemical 

PEL/TLV 

IDLH 

at  25°C) 

Threshold 

SvmDtoms 

Diisopropyl  Methyl  Phosphonate  (DIMP) 

Not 

Estab. 

*  “ 

0.182 

Eye  irritant, 

contact 

dermatitis. 

Dimethyldisulf ide  (DMDS) 

( 1 ) Not 
Estab. 

— 

21.0 

— 

Not  known. 

Dimethyl  Methyl  Phosphonate  (DMMP ) 

None 

Estab. 

” 

0.62 

Eye  and  skin 
irritant,  CNS 
depressant. 

Endrin 

0 . lmg/m3 
(0.006 
ppm) 

200mg/m3 

2xl0‘7 

Headache, 

dizziness, 

nausea, 

vomiting, 

confusion, 

weakness. 

Ethylbenzene 

lQQppm 

2000ppm 

7.1 
( 20°C) 

140ppm 

Severe  eye 
and  throat 
irritation, 
weakness, 
dizziness  and 
drowsiness. 

Hexachlorocylopentadiene 

None 

Estab. 

0.08 

0.15 

ppm 

Eye  and 

mucous 

membrane 

irritant, 

sneezing, 

salivation, 

skin  burns 

and 

blistering, 
sore  throat, 
cough,  chest 
pain. 
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Vapor 
Pres . 

(mm  Hg  Odor 


Chemical 

PEL/TLV 

IDLH 

at  25°C\ 

Threshold 

Symptoms 

Hexachloroethane 

lppm 

300ppm 

0.22 

(20°C) 

— 

Eye  irritant. 

Hexachlorobutadiene 

0 . 02ppm 

“ 

“ 

— 

Eye  and  skin 
irritant,  may 
damage  liver. 

Isodr in 

None 

Estab. 

l.OxlO'6 

No  human 
toxicity  data 
available. 

Methylene  Chloride 

lOOppm 

350.0 
( 20°C) 

25-50 

ppm 

Mental  con¬ 
fusion, 
light¬ 
headedness, 
nausea, 
vomiting, 
headache  and 
staggering. 

Pentachlorobenzene 

— 

— 

— 

— 

Not  known. 

Phenol 

19mg/m3 
( 5ppm) 

lOOppm 

0.36 
( 20°C) 

0.06 

ppm 

Eye  damage 
and  blind¬ 
ness,  skin 
whitening  at 
contact 
point,  and 
systemic 
poisoning. 

1,2,3, 4-Tetrachlorobenzene 


Not  known 
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Chemical 


Tetrachloroethylene 


PEL/TLV 


2  5  ppm 


Vapor 
Pres . 

(mm  Hg 
at  25°C) 


Toluene 


lOOppm 


2000ppm  22.0 

(20°C) 


1,1, 2-Trichloroethane 


lOppm 


18.8 

(20°C) 


Odor 

Threshold  Symptoms 

50ppm  Headache, 

nausea, 
drowsiness, 
eye,  nose  and 
throat 
irritant, 
causes 

flushed  face 
and  uncon¬ 
sciousness  . 

lOppm  Eye,  respira¬ 

tory  tract, 
and  skin 
irritant, 
fatigue, 
weakness, 
confusion, 
headaches, 
dizziness  and 
drowsiness. 

-  Eye  and  nose 

irritant, 
drowsiness, 
incoordina¬ 
tion,  uncon¬ 
sciousness, 
potential 
liver  and 
kidney 
damage . 
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Vapor 
Pres . 

(mm  Hg  Odor 

at  25°C)  Threshold  Symptoms 

74.3  21.4ppm  Drowsiness, 

dizziness, 
headache, 
blurred 
vision, 
mental 
confusion, 
nausea, 
vomiting,  and 
skin 

irritant . 

Xylene  lOOppm  10,000  7.0  200ppm  Eye,  nose  and 

throat 

irritant, 

dizziness, 

staggering, 

drowsiness, 

nausea, 

vomiting  and 

abdominal 

pain. 


Chemical  PEL/TLV  IDLH 

Trichloroethylene  50ppm  - 


(1) 


Staff  toxicologist  concur  that  the  compound  is  not  of  any 
health  concern  unless  a  concentration  of  750ppb  is  reached 
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Aldrin  has  been  recommended  by  the  National  Institute  for 
Occupational  Safety  and  Health  (NIOSH)  to  be  controlled  and 
handled  as  a  potential  human  carcinogen.  The  Occupational  Safety 
and  Health  Administration  (OSHA)  has  given  aldrin  a  "Skin" 
notation.  This  notation  refers  to  the  potential  contribution  to 
overall  exposure  by  the  cutaneous  route  including  the  mucous 
membranes  and  eyes. 

Arsenic  (inorganic)  is  recommended  by  NIOSH  to  be  controlled  and 
handled  as  a  potential  human  carcinogen  in  the  workplace.  Skin 
contact  can  cause  burning,  itching  and  a  rash.  Repeated  skin 
contact  can  cause  thickened  skin  and/or  patchy  areas  of  darkening 
and  loss  of  pigment. 

Benzene  is  designated  as  a  potential  human  carcinogen  by  NIOSH. 
The  American  Conference  of  Governmental  Industrial  Hygienist 
(ACGIH)  has  designated  benzene  as  a  suspected  human  carcinogen. 
Repeated  skin  contact  can  cause  redness,  blistering,  and  dry, 
scaly  dermatitis. 

Carbon  tetrachloride  has  been  evaluated  by  the  International 
Agency  for  Research  on  Cancer  (IARC)  and  concluded  that  it  causes 
cancer.  NIOSH  recommended  the  chemical  be  regulated  as  an 
occupational  carcinogen.  Prolonged  or  repeated  skin  contact  with 
liquid  carbon  tetrachloride  may  result  in  skin  irritation.  It 
can  be  adsorbed  through  the  intact  skin  of  animals  and  humans  in 
toxic  amounts. 

Chlordane  is  considered  a  carcinogen  by  IARC.  Skin  absorption  of 
chlordane  is  rapid. 
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Chloroform  has  been  evaluated  by  IARC  and  concluded  that 
chloroform  causes  cancer.  NIOSH  has  also  recommended  that 
chloroform  be  regulated  as  an  occupational  carcinogen.  Liquid 
chloroform  has  a  defatting  effect  on  the  skin  and  may  produce 
chronic  irritation  with  drying  and  cracking. 

Dibromochloropropane  (DBCP)  is  considered  a  potential  human 
carcinogen  by  OSHA  and  the  National  Toxicology  Program  (NTP) . 
Low-level  repeated  or  prolonged  exposure  of  male  workers  has  been 
associated  with  low  sperm  count,  chromosome  abnormality, 
sterility,  decreased  testicular  size,  and  increased  level  of 
follicle  stimulation  hormone.  These  effects  were  not  associated 
with  exposure  in  subsequent  years,  indicating  that  they  may  be 
reversible  following  removal  from  exposure. 

DDT  is  considered  a  potential  human  carcinogen  by  NIOSH.  OSHA 
has  given  DDT  a  "Skin"  notation,  this  refers  to  the  potential 
contribution  to  overall  exposure  by  the  cutaneous  route  including 
the  mucous  membranes  and  eyes. 

1. 2- Dichloroethane,  also  known  as  Ethylene  dichloride,  may  be  a 
carcinogen  in  humans  since  it  has  been  shown  to  cause  stomach, 
lung,  breasts  and  other  types  of  cancers  in  animals. 

1. 2- Dichloropropane  is  a  soil  fumigant  component.  Exposure 
occurs  principally  during  manufacture  or  during  bulk  handling 
activities.  Since  it  is  generally  injected  into  the  soil  at 
depths  of  15  to  30  cm,  airborne  concentrations  are  generally  well 
below  0.5  ppm  even  when  measured  in  the  middle  of  a  fumigated 
field.  The  material  is  considered  flammable. 
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Dieldrin  has  been  recommended  by  NIOSH  to  be  controlled  and 
handled  as  a  potential  human  carcinogen.  OSHA  has  given  dieldrin 
a  "Skin"  notation,  this  refers  to  the  potential  contribution  to 
overall  exposure  by  the  cutaneous  route  including  the  mucous 
membranes  and  eyes.  Dermal  absorption  is  substantially  increased 
when  dieldrin  is  dissolved  in  organic  solvents. 

Hexachloroethane  has  been  evaluated  by  IARC,  who  concluded  the 
chemical  causes  cancer.  No  chronic  effects  have  been  reported 
from  industrial  exposure,  although  significant  absorption  through 
the  skin  is  said  to  occur.  The  ACGIH  has  issued  a  Notice  of 
Intended  Change  from  their  recommended  TLV  for  hexachloroethane 
of  1  ppm  to  10  ppm  with  a  skin  notation. 

Hexachlorobutadiene  is  considered  to  be  a  suspected  human 
carcinogen  by  the  ACGIH.  This  chemical  will  also  cause  skin 
irritation  upon  contact. 

Malathion  is  less  toxic  to  humans  than  most  anticholinesterase 
agents  because  it  is  metabolized  in  the  liver  to  an  inactive 
form.  After  skin  absorption,  sweating  and  twitching  in  the  area 
of  absorption  may  occur,  usually  within  fifteen  minutes  to  four 
hours. 

Methylene  Chloride  as  a  liquid  may  cause  skin  irritation  and 
dermatitis  on  prolonged  exposure.  If  the  liquid  is  held  in 
contact  with  the  skin,  it  may  cause  skin  burns.  Splashes  of  the 
liquid  into  the  eye  may  cause  irritation.  Persons  with  pre¬ 
existing  skin  disorders  may  be  more  susceptible  to  the  effects  of 
this  agent. 
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Phenol  in  concentrated  solution  is  severely  irritating  to  the 
human  eye  and  causes  conjunctival  swelling,  the  cornea  becomes 
white,  and  loss  of  vision  has  occurred  in  some  cases.  Solutions 
of  phenol  have  a  marked  corrosive  action  on  any  tissue  on 
contact;  on  skin,  there  is  local  anesthesia  and  a  white 
discoloration,  and  the  area  may  subsequently  become  gangrenous. 
Severe  dermatitis  will  result  from  contact  with  dilute  solutions 
of  phenol. 

Tetrachloroethylene  has  been  put  on  OSHA  "Candidate  List"  of 
chemical  considered  for  further  scientific  review  regarding  its 
carcinogenicity.  The  IARC  has  evaluated  the  data  on  this 
chemical  and  has  concluded  that  it  causes  cancer.  Exposure  of 
the  skin  to  liquid  tetrachloroethylene  for  40  minutes  resulted  in 
a  severe  burning  sensation  within  5  to  10  minutes,  which  subsided 
after  1  to  2  hours.  The  chemical  eye  irritation  level  is  given 
by  one  researcher  as  206  to  235  after  a  20  to  30  minute  exposure. 

1, 1, 2-Trichloroethane  appears  on  the  OSHA  "Candidate  List"  of 
chemicals  being  considered  for  further  scientific  review 
regarding  its  carcinogenicity.  This  chemical  has  been  evaluated 
by  IARC,  which  concluded  that  1, 1, 2-Trichloroethane  causes 
cancer. 

Trichloroethylene  is  considered  a  potential  human  carcinogen  by 
NIOSH.  A  dermal  response  to  humans  has  been  seen  as  reddening  of 
the  face,  neck,  back,  and  shoulders  (degreaser's  flush)  which 
occurred  in  chronically  exposed  workers  following  the  ingestion 
of  alcohol.  Repeated  immersion  of  the  hands  into  liquid 
trichloroethylene  has  caused  paralysis  of  the  fingers.  The 
chemicals  eye  irritation  level  is  400  ppm. 
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2 . 2  Dense  Non-Agueous  Phase  Liquid 

Historical  information  indicates  that  dense  non-aqueous  phase 
liquid  (DNAPL)  may  be  encountered  during  installation  of  the 
slurry  wall.  The  DNAPL  is  described  as  having  the  color  and 
consistency  of  spent  motor  oil.  The  DNAPL  may  contain,  but  is 
not  necessarily  limited  to,  the  following  chemical  compounds: 

Volatile  Aromatic 
Organic  Compounds 

Toluene 

m-Xylene 

o-/p-Xylene 

Volatile  Halogenated 
Organic  Compounds 

Carbon  Tetrachloride 
1 , 2-Dichloropropane 
Tetrachloroethene 

Organochlorine 

Pesticides 


Aldrin 

Dieldrin 

Endrin 

Isodrin 


TASK  SPECIFIC  HEALTH  AND  SAFETY  PLAN  PAGE  14 
SHELL  SECTION  36  TRENCHES  IRA 


REVISION  0 
DATE  12/17/90 


Semivolatile 
Halogenated  Organic 
Compounds 

Hexachloroethane 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Pentachlorobenzene 

1,2,3, 4-Tetrachlorobenzene 

Dibromochloropropane 

Past  air  monitoring  that  was  performed  when  DNAPL  was  previously 
encountered  measured  organic  vapor  concentrations  up  to  10  ppm  in 
the  breathing  zone  of  personnel  involved  with  the  task. 

2 . 3  Physical  Hazards 

Physical  hazards  related  to  this  task  include  personnel 
working  with  or  in  close  proximity  of  heavy  equipment, 
excavations,  use  of  power  tools,  falling  objects,  and  heat 
stress.  Personnel  need  to  be  cognizant  that  the  use  of 
personal  protective  equipment  may  reduce  dexterity  and 
visibility  and  increase  the  difficulty  of  performing  some 
tasks.  Physical  hazards  may  be  controlled  through  the  use 
of  equipment  guards,  work  practices,  and  training.  Only 
equipment  that  is  used  for  its  intended  task  and  that  is  in 
safe  operating  condition  will  be  used.  Personnel  will  be 
trained  in  the  proper  use  and  safe  operation  of  the  tools 
and  equipment  they  utilize. 
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Prior  to  any  drilling,  all  boring  sites  must  be  cleared  for 
safety  purposes.  Geophysical  clearance  surveys  will  be  used 
to  ensure  drilling  will  not  encounter  buried  unexploded 
ordnance  (UXO)  or  other  metal  that  could  pose  a  significant 
safety  risk.  A  metal  detector  will  also  be  used  to  check 
for  surficial  (0  to  2  ft)  metal  present. 

3.0  TRAINING 


All  personnel  performing  fieldwork  for  this  task  will  have 
completed  the  forty  (40)  hour  hazardous  waste  operations  health 
and  safety  training  pursuant  to  29  CFR  1910.120(e)  before 
beginning  work.  Eight  (8)  hour  annual  refresher  training  is 
required  as  necessary.  The  MK  Construction  Manager  and 
subcontractor  supervisors  are  required  to  have  completed  eight 
(8)  hour  Hazardous  Waste  Operations  Supervisor /Manager  training 
prior  to  the  beginning  of  fieldwork. 

Task/site  specific  training  regarding  the  following  topics  will 
be  given  to  all  personnel  performing  fieldwork: 

•  Name  of  Site  Safety  and  Health  Supervisor  and  alternate. 

•  Safety  and  Health  hazards  related  to  this  task. 

•  PPE  requirements. 

•  Work  practices. 


Hazard  control. 
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•  Medical  surveillance  requirements,  including  recognition  of 

signs  and  symptoms  which  might  indicate  overexposure  to 
chemical  hazards. 

•  Decontamination  procedures. 

•  Emergency  response. 

4.0  MEDICAL  SURVEILLANCE 


The  basic  requirements  of  the  RMA  Project  Medical  Surveillance 
Program  shall  apply  to  implementation  of  this  task.  No 
additional  medical  surveillance  requirements  are  necessary. 

5.0  PERSONAL  PROTECTIVE  EQUIPMENT  fPPE) 

The  PPE  to  be  utilized  during  the  Shell  Section  36  Trenches  IRA 
is  dependent  upon  the  specific  task  to  be  performed,  the 
potential  for  contacting  potentially  contaminated  soils  or 
groundwater,  and  the  concentration  of  air  contaminants  in  the 
breathing  zone  of  project  personnel.  The  following  PPE  will  be 
utilized  (modified,  as  necessary,  by  the  level  of  air 
contaminants  measured  in  the  breathing  zone  or  at  the  discretion 
of  the  Site  Health  and  Safety  Officer) . 
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Task 

Temporary  Service  Road 

Permanent  Service  Road 
(excluding  truck  drivers) 

Slurry  Wall 

Earth  Fill  Cover 

Final  Grading 

Revegetation 

Soil  Moisture  Monitoring  Stations 

Well  Abandonment 

New  Monitoring  Wells/Piezometers 


PPE  Level 
D 

Modified  C 

Modified  C 
Modified  C 
Modified  C 
Modified  C 
Modified  C 
Modified  C 
Modified  C 


5 . 1  Level  D  Personal  Protective  Equipment: 

•  PVC/Polyurethane  steel-toed  boots  (except 

personnel  conducting  geophysical  clearance 
surveys ) 

•  Cotton  Coveralls 

•  Hard  hats 

•  Safety  glasses  with  side  shields 


Gloves 
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5 . 2  Level  C  Modified  Personal  Protective  Equipment: 

•  PVC/ Polyurethane  steel-toed  boots  (except 
personnel  conducting  geophysical  clearance 
surveys) 

•  Cotton  Coveralls  (inner) 

•  Polyethylene  coated  Tyvek  coveralls  (outer; 

personnel  involved  in  drilling  or  slurry  wall 
construction  will  use  polycoated  Tyvek  over 
coveralls  with  PVC  splash  suits) 

•  Hard  hats 

•  Safety  glasses  with  side  shields 

•  Vinyl  gloves  (inner;  personnel  involved  in 
drilling  or  slurry  wall  construction  will  use 
Viton) 

•  Nitrile  gloves  (outer;  personnel  involved  in 

drilling  or  slurry  wall  construction  will  use 
butyl  rubber) .  Leather  gloves  may  be  worn  outside 
of  the  nitrile  gloves,  but  must  remain  on  site  at 
all  times  and  be  disposed  of  with  other  disposable 
clothing  at  the  conclusion  of  the  task. 

5 . 3  Level  C  Personal  Protective  Equipment: 
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•  PVC/Polyurethane  steel-toed  boots  (except 
personnel  conducting  geophysical  clearance 
surveys) 

•  Cotton  Coveralls  (inner) 

•  Polyethylene  coated  Tyvek  coveralls  (outer; 
personnel  involved  in  drilling  or  slurry  wall 
construction  will  use  polycoated  Tyvek  over 
coveralls  with  PVC  splash  suits) 

•  Hard  hats 

•  Vinyl  gloves  (inner;  personnel  involved  in 
drilling  or  slurry  wall  construction  will  r  .e 
Viton) 


•  Nitrile  gloves  (outer;  personnel  involved  in 
drilling  or  slurry  wall  construction  will  use 
butyl  rubber) .  Leather  gloves  may  be  worn  outside 
of  the  nitrile  gloves,  but  must  remain  on  site  at 
all  times  and  be  disposed  of  with  other  disposable 
clothing  at  the  conclusion  of  the  task. 

•  Full-face  air-purifying  respirator  with  GMC-H 
cartridges  (or  equivalent) . 
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6.0  SAMPLING /MONITORING 

Sampling/monitoring  will  be  performed  to  assess  the  exposure  of 
personnel  to  hazardous  materials  and  substances  and  to  ensure 
that  the  proper  level  of  personal  protective  equipment  has  been 
selected.  Monitoring  will  also  be  conducted  to  delineate  areas 
where  protection  is  needed. 

Air  monitoring  will  be  performed  using  direct-reading  real-time 
instruments.  Direct-reading  instruments  will  be  calibrated  daily 
before  use  according  to  the  manufacturer's  instructions.  The 
following  table  describes  the  appropriate  response  action  for  the 
detection  of  organic  vapors.  A  flame-ionization  detector 
(Foxboro  Century  OVA-128  or  equivalent)  will  be  used  to  monitor 
organic  vapors.  Monitoring  will  be  performed  periodically,  as 
necessary. 

Concentration  in  Breathing  Zone*  Required  Response 

Less  than  1  ppm 


Greater  than  1  ppm, 
Less  than  20  ppm 


1)  Level  D  or  Modified 
Level  C  PPE. 

2)  Continue  monitoring, 
as  necessary. 

1)  Upgrade  to  Level  C  PPE 

2)  Increase  frequency  of 
monitoring. 

3)  Determine  extent  of 
airborne  levels, 
modify  extent  of 
exclusion  zones  as 
necessary. 
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Greater  than  20  ppm  1)  Cease  disturbing 

contaminated  material, 
evacuate  area. 

2)  Notify  Construction 
Mgr.  and  H&S  Mgr. 

3)  Determine  extent  of 
airborne  levels, 
modify  extent  of 
exclusion  zones  as 
necessary. 

*  For  five  consecutive  minutes;  these  levels  are  concentrations 
above  background. 


Air  sampling  using  NIOSH  or  OSHA  methodology  will  be  performed  at 
the  discretion  of  the  Site  Health  and  Safety  Officer. 


7.0  SITE  CONTROL 


An  exclusion  zone  will  be  established  for  each  task  where  Level 
C-Modified  PPE  (or  greater)  is  required.  Entry  into  the 
exclusion  zone  is  restricted  to  those  personnel  wearing  the 
appropriate  personal  protective  equipment.  For  the  tasks 
involving  drilling,  the  exclusion  zone  will  be  a  minimum  of  25 
feet  in  all  directions  around  the  drill  rig.  The  exclusion  zone 
will  be  conspicuously  demarcated  through  the  use  of  orange 
traffic  cones,  or  other  equally  suitable  means.  The  Site  Health 
and  Safety  Officer  has  at  his/her  discretion  the  authority  to 
increase  the  size  of  the  exclusion  zone,  if  necessary,  or  to 
establish  an  exclusion  zone  for  any  of  the  other  tasks. 
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SPECIFICATION  34-0212 


SITE  PREPARATION.  GRADING.  EXCAVATING.  AND  BACKFILLING 


1.  SCOPE 

A.  This  specification  and  other  Contract  Documents  cover  the  furnishing  of  all 
equipment,  labor,  materials,  and  performance  of  work  for  site  preparation, 
excavating,  filling,  backfilling,  grading,  and  incidental  items  associated  with 
earthwork  as  required  by  applicable  drawings  and  as  specified  herein. 

B.  Generally,  required  items  of  work  include: 

1)  Stripping,  cutting,  and  site  grading 

2)  Excavations 

3)  Filling,  backfilling,  and  compacting 

4)  Grading  of  site 

5)  Incidental  items 

2.  RELATED  WORK 

A.  The  following  related  work  is  covered  in  other  specifications: 

1)  Slurry  Cutoff  Wall  -  Vibrating  Beam  Injection  Method  (Specification 
34-0263) 

2)  Cast-in-Place  Concrete  (Specification  34-0301) 

3)  Soil  Preparation  Seeding,  and  Mulching  (Specification  34-0229) 

4)  Alluvial  Monitoring  Wells  (Specification  34-0272) 

5)  Permanent  Piezometers  (Specification  34-0276) 
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REFERENCE  STANDARDS 

A.  Organizations  whose  standards  are  referenced  herein  are  as  follows: 

1)  AASHTO  -  American  Association  of  State  Highway  and 

Transportation  Officials 

2)  ANSI  -  American  National  Standards  Institute 

3)  ASTM  -  American  Society  for  Testing  and 

Materials 


4)  ATF  -  Alcohol,  Tobacco  and  Firearms  Division  of  the  U.S. 

Department  of  the  Treasury 

5)  UBC  -  Uniform  Building  Code 

6)  Health  and  Safety  Standard  Operating  Procedures 

7)  Colorado  Standard  Specification  for  Road  and  Bridge  Construction 

8)  OSHA  -  Occupational  Safety  and  Health  Administration 

B.  Any  reference  to  standards  of  any  society,  institute,  association  or 
governmental  agency  shall  be  the  edition  in  effect  as  of  the  date  of  this 
specification,  unless  stated  otherwise. 

4.  GENERAL  PROCEDURES 

A.  Reference  Points:  Carefully  maintain  bench  marks,  monuments,  and  other 
reference  points.  Replace  them  as  the  Engineer  directs  if  they  are  disturbed 
or  destroyed. 

B.  Engineer:  The  services  of  a  qualified  Engineer  will  be  provided  to  determine 
by  observation  and  testing  the  quality  of  work  and  materials  during  earthwork 
operations.  The  Engineer  will  judge:  adequacy  of  site  preparation,  excavating, 
suitability  of  bearing  at  excavated  levels,  acceptability  of  available  fill 
material,  and  the  correct  placement  and  compaction  of  fill  and  backfill  to 
specified  densities.  The  Engineer  will  determine  the  frequency  of  testing. 
Stripping,  cutting,  excavating,  filling,  backfilling  and  compacting  procedures 
require  the  approval  of  the  Engineer  as  they  are  successively  performed.  Any 
work  found  unsatisfactory  shall  be  corrected  at  the  Contractor’s  expense  in 
an  approved  manner. 

C.  Portions  of  the  site  may  contain  potentially  contaminated  materials 
(hazardous  waste).  In  areas  where  contaminants  are  present  or  discovered, 
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special  procedures  as  specified  by  the  Engineer  shall  be  followed  to  protect 
personnel  and  avoid  further  contamination  of  the  site  or  equipment. 

D.  Excavation,  removal,  disposal  or  stockpiling  of  contaminated  materials  shall 
conform  to  the  requirements  of  the  construction  work  plan  and  approved  by 
the  Engineer.  Contaminated  soils  will  be  designated  by  the  Engineer. 
Potentially  contaminated  or  contaminated  soils  will  be  stored  as  directed  by 
the  Engineer.  If  any  contaminated  or  potentially  contaminated  soils  must  be 
removed  from  the  site,  they  will  be  drummed  by  the  Contractor  in  drums 
provided  by  the  Engineer.  The  Engineer  will  be  responsible  for  arranging  for 
characterization,  storage,  and  final  disposal  of  drummed  soils  as  required. 

5.  SITE  PREPARATION 

A.  Stripping:  Remove  soil  from  portions  of  construction  area  outside  of  the  area 
enclosed  by  the  physical  barrier.  Soil  that  is  stripped  shall  be  stockpiled  as 
directed  by  the  Engineer  for  later  use  in  post-construction  revegetation  work. 

B.  Cutting:  Perform  cutting  to  required  lines  and  grades  as  shown  on  the 
drawings  or  as  indicated  by  the  Engineer.  Where  unsuitable  material  is 
exposed  at  completion  of  planned  cutting,  overexcavate  as  directed  by  the 
Engineer  until  suitable  bearing  is  reached.  If  materials  are  removed  below 
required  elevations,  through  error  or  careless  cutting,  the  Engineer  will 
determine  corrective  measures  to  be  made  at  the  Contractor’s  expense. 

6.  EXCAVATING  FOR  STRUCTURES 

A.  Dimensions:  Excavate  to  required  elevations  and  dimensions,  allowing  ample 
space  for  form  and  material  placement,  inspection,  and  form  removal.  If  the 
nature  of  the  soil  permits  and  the  Engineer  gives  prior  approval,  excavation 
may  be  used  as  a  concrete  form.  Degree  of  slope  for  open  cut  earth  banks 
shall  not  exceed  safe  angle  of  repose  of  the  soil  in  either  dry  or  wet  condition. 

B.  Removing  Materials:  Excavate  all  materials  encountered,  except  for  existing 
services  and  permanent  structures.  Remove  rock,  boulders,  portions  of 
abandoned  structures  and  other  hard  obstructions  to  at  least  6"  below  planned 
excavation  level.  Soil  conditions  at  bottom  of  excavation  shall  be  subject  to 
the  Engineer’s  approval.  Surfaces  shall  be  clean  and  clear  of  mud  or  frozen 
material,  and  shall  be  maintained  in  good  condition  until  concrete  is  placed. 

C.  Suitable  Bearing:  Where  unsuitable  material  is  exposed  at  completion  of 
planned  excavation,  overexcavate  as  directed  by  the  Engineer  until  suitable 
bearing  is  reached.  Place  and  compact  fill  as  specified  herein  to  correct 
elevations. 
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D.  Overexcavation:  If  materials  are  removed  below  required  elevations,  either 
by  design  or  through  error,  the  Engineer  will  determine  necessary  corrective 
measures  to  be  made  at  the  Contractor’s  expense. 

E.  Rock  Excavation: 

1)  Rock  is  defined  as  stone  or  hard  shale  in  original  ledge,  and  boulders 
over  1/2  cu.yd  in  volume  or  over  3’-0"  in  greatest  dimension,  which 
require  special  equipment  to  remove. 

2)  It  is  assumed  that  materials  at  the  job  site  can  be  excavated  by  hand 
labor  or  with  normal  equipment  such  as  a  power  shovel  or  bulldozer. 
If  rock  is  encountered,  notify  the  Engineer  for  determination  of 
excavation  method  before  proceeding  with  further  excavating. 

7.  EXISTING  UNDERGROUND  LINES  AND  SERVICES 

A.  Locations  of  existing  utilities  shown  on  the  drawings  are  approximate.  It  shall 
be  the  Contractor’s  responsibility  to  field  verify  actual  locations.  Carefully 
uncover,  support,  and  protect.  Do  not  cut,  remove  or  damage  these  items 
without  the  Engineer’s  prior  written  approval;  otherwise  repair  or  replace 
them  to  the  Engineer’s  satisfaction.  Remove  abandoned  utilities  as  directed 
by  the  Engineer. 

MATERIAL  STORAGE  AND  DISPOSAL 

A.  Select  excavated  materials  which  can  be  reused  later;  classify  and  stockpile 
each  separately.  Dispose  of  unsuitable  and  excess  material  and  debris  onsite 
as  directed  by  the  Engineer. 

FILLING.  BACKFILLING.  AND  COMPACTING 

A.  Fill  and  Backfill  Materials:  Use  Engineer-approved  materials  obtained  from 
stockpiles  of  excavated  material.  Provide  fill  suitable  for  required  compaction 
and  free  of:  debris,  organic  material,  rocks  and  soil  clods  over  6"  diameter 
where  encountered,  frozen  matter,  and  excessive  moisture  or  dryness. 

1)  Backfill  over  Pipes  and  Utilities:  Use  clean  native  material  which  is 
free  from  rocks  or  debris  within  12"  of  pipes  and  utilities. 

2)  All  Other  Fill  and  Backfill:  Use  clean  native  material  which  shall  not 
contain  rocks  over  6"  in  size. 

Cover  Coat  Aggregate:  Aggregate  will  be  used  for  permanent  service 
road.  See  Section  703.05  Type  1  of  Colorado  Standard  Specifications 
for  Road  and  Bridge  Construction. 


3) 
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4)  Backfill  Requiring  Zero  Slump:  Where  indicated  on  the  drawings  or 
the  Engineer,  backfill  (flow-fill)  meeting  the  following  requirements 
will  be  used. 


Ingredients 


lb/cu.yd 


Cement  (0.45  sack) 

Water  (39  gallons) 

Coarse  aggregate  (Size  No.  57) 
Sand  (ASTM  C33) 


42 

325  (or  as  needed) 
1,700 
1,845 


a)  The  maximum  desired  28-day  strength  is  60  psi  (not  a 
specification  requirement). 

b)  The  above  combination  of  material  or  an  approved  equivalent 
may  be  used  to  obtain  the  desired  flowable  fill. 


B.  Placing  Fill  and  Backfill: 

1)  Backfill  excavations  when  installations  have  been  completed,  inspected 
and  approved.  Before  proceeding,  excavations  shall  be  free  of  forms, 
debris  and  other  foreign  materials. 

2)  Deposit  fill  and  backfill  materials  in  horizontal  layers  of  maximum  8" 
loose  depth.  Place  fill  using  low  ground  pressure  equipment.  Compact 
each  8"  layer  over  the  portion  of  the  earth  cover  designated  as 
compacted  and  where  new  service  roads  and  utilities  are  located;  as 
shown  on  the  drawings.  The  Engineer  may  alter  maximum  depth  of 
layer  if,  because  of  equipment,  material,  or  other  conditions,  he  deems 
it  necessary  to  assure  required  degree  of  compaction.  Do  not  place 
materials  in  water  or  on  frozen  subgrade.  Avoid  damage  to  installed 
work.  Take  special  care  to  prevent  wedging  action  or  eccentric  loading 
on  structures. 


C.  Maximum  Dry  Density  and  Optimum  Moisture  Content: 

1)  For  cohesive  soils,  maximum  dry  density  and  optimum  moisture 
content  shall  be  determined  by  one  of  the  methods  described  in  ASTM 
D-698,  commonly  known  as  the  "Standard  Proctor  Test." 

2)  For  cohesionless  soils,  relative  density  shall  be  determined  by  the 
methods  described  in  ASTM  D4253  and  D4254. 


D. 


Moisture  Control:  At  the  time  of  compacting  areas  where  high  density  is 
required,  fill  material  and  the  surface  on  which  it  is  to  be  placed  shall  be 
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within  a  range  of  0%  to  4%  above  the  optimum  moisture  content.  Do  not 
compact  fill  material  until  it  has  attained  the  required  moisture  content.  Add 
an  accurately  determined  and  carefully  measured  amount  of  water  to 
materials  or  surfaces  which  are  too  dry.  Pile  or  spread  out  to  dry,  material 
which  is  too  wet;  if  necessary,  disk,  harrow,  or  pulverize  fill  material. 

E.  Compacting: 

1)  General:  Furnish  satisfactory  power-operated  or  power-driven  hand 
operated  equipment  wherever  possible  to  compact  fill  and  backfill  to 
requirements  specified  herein.  If  the  fill  or  degree  of  compaction  is 
unsatisfactory,  make  necessary  adjustments  until  specifications  are  met. 
Material  placed  over  layers  not  satisfactorily  compacted  shall  be 
removed  and  the  unsatisfactory  areas  recompacted. 

2)  Density  for  Cohesive  Soils:  For  soils  having  10%  or  more,  by  weight, 
of  particles  passing  a  No.  200  sieve,  minimum  required  compaction 
densities  at  optimum  moisture  content  and  expressed  as  percentage 
of  maximum  dry  density  as  measured  by  the  Standard  Proctor  Test, 
shall  be  as  follows: 

a)  Under  Slabs.  Pads,  and  Foundations:  95% 

b)  Over  Pipes  and  Utilities:  80%  (where  pipes  and  utilities  are 
located  under  slabs,  pads,  foundations,  railroads,  and  paved 
areas,  95%  compaction  density  shall  be  provided) 

c)  Compacted  Laver  Within  Cover:  93%,  or  that  reasonably 
achieved  as  approved  by  the  Engineer. 

d)  Topsoil  Laver  Within  Cover:  That  achieved  by  placement  of 
fill. 

e)  Compacted  Fill  for  Service  Roads  and  Other  Filled  Areas:  88% 

f)  Waste  Stockpile:  None 

g)  Topsoil  Stockpile:  None 

3)  Density  for  Cohesionless  Soils:  For  soils  having  less  than  10%  by 
weight,  of  particles  passing  a  No.  200  sieve,  minimum  relative  density 
shall  be  as  follows: 


a)  Under  Slabs.  Pads  and  Foundations:  70% 

b)  Under  Paved  Areas  and  Base  Course:  70% 
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c)  All  Other  Filled  Areas:  70% 

d)  Waste  Stockpile:  None 

e)  Topsoil  Stockpile:  None 

10.  GRADING 


A.  General:  Perform  necessary  grading  to  achieve  final  elevations  closely 
approximating  those  required  by  the  drawings.  Surfaces  shall  be  reasonably 
smooth  and  free  from  irregularities,  with  uniform  transitions  made  to  adjacent 
areas.  At  completion  and  before  acceptance  of  this  work,  clear  away  all 
equipment,  barricades,  surplus  materials  and  rubbish.  Regrade  all  disturbed 
areas  to  approximate  natural  grade  or  as  directed  by  the  Engineer.  Leave  the 
site  in  a  neat,  clean  and  presentable  condition  ready  to  accept  seeding  and 
mulching  (by  others). 

B.  Ditches  and  Swales:  Finish  to  drain  readily.  Take  measures  to  prevent 
erosion  of  freshly  graded  areas  by  appropriate  means  until  permanent 
drainage  and  erosion  control  facilities  are  installed.  Repair  and  re-establish 
areas  of  settlement  or  erosion  to  required  elevations  and  slopes  prior  to 
acceptance  of  the  work. 

C.  Subgrades  and  Finish  Grade:  Form  correct  grades,  crowns,  cross-sections,  and 
slopes  required  by  drawings  within  a  tolerance  of  ±  0.1  ft.  Fill  and  level 
depressions  which  might  retain  water  and  interfere  with  drainage. 


11.  INSPECTION 


A.  All  materials  and  each  part  or  detail  of  the  work  shall  be  subject  to  inspection 
by  the  Engineer.  The  Engineer  shall  be  provided  access  to  all  parts  of  the 
work  and  shall  be  furnished  with  such  information  and  assistance  by  the 
Contractor  as  is  required  to  make  a  complete  and  detailed  inspection. 

B.  The  Engineer  may  direct  the  Contractor  to  remove  or  uncover  portions  of 
the  work.  After  examination,  the  Contractor  shall  restore  said  portions  of 
the  work  to  the  standard  required  by  these  specifications. 

C.  The  Contractor  shall  not  proceed  until  the  lines,  grades  and/or  structure 
locations  have  been  established.  Any  work  performed  by  the  Contractor 
contrary  to  the  drawings,  specifications  or  instructions  of  the  Engineer,  beyond 
the  lines  and  grades  shown  on  the  drawings  or  any  extra  work  done  without 
authorization  of  the  Engineer,  may  be  ordered  removed  or  replaced  at  the 
Contractor’s  expense. 
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12.  INCIDENTAL  ITEMS 

A.  Safeguards:  Provide,  erect,  maintain  and  later  remove  temporary  safeguards 
such  as  barricades,  guardrails  and  fences,  signs,  lights  and  flares  for  protection 
of  personnel,  the  public,  equipment  and  materials  as  the  Engineer  directs  and 
as  required  by  the  RMA  Facilities  Engineer. 

B.  Retaining  Excavations:  Provide  shoring,  sheeting,  and  bracing  necessary  to 
retain  excavations,  maintain  banks  securely,  withstand  water  pressure,  prevent 
cave-ins,  and  protect  life  and  property.  As  backfilling  proceeds,  removing 
shoring,  sheeting  and  bracing  in  a  manner  to  prevent  damage  or  disturbance 
to  the  construction  and  surrounding  areas. 

C.  Water  Removal:  Maintain  grades  to  promote  water  drainage.  Provide  and 
operate  equipment  to  keep  construction  areas  free  of  subsurface,  surface,  and 
storm  water.  Provide  necessary  diversion  ditches  or  other  Engineer  approved 
facilities  for  removing  water.  Dispose  of  water  as  directed  by  the  Engineer 
so  construction  and  storage  areas,  streets,  roads,  and  other  surfaces  are  not 
flooded. 

D.  Temporary  Working  Bench:  Contractor  shall  construct  a  temporary  working 
pad,  slurry  mixing  area,  and  equipment  assembly  pad  to  allow  construction 
of  the  slurry  wall.  Regrading  of  subgrade  shall  be  done  prior  to  placement 
of  topsoil  layer  and  the  remaining  compacted  layer,  as  directed  by  the 
Engineer. 

E.  Temporary  Service  Road:  Contractor  shall  construct  a  temporary  service  road 
as  shown  on  the  drawings  to  allow  transport  of  fill  material  from  the  stockpile 
to  the  fill  area.  Portions  of  above-grade  piping  and  insulation  which  lie  in  the 
right-of-way  of  the  service  road  will  be  removed  by  the  Army.  Use  of  the 
road  will  be  discontinued  upon  written  notification  from  the  Engineer. 

F.  Permanent  Service  Road:  Contractor  shall  construct  a  permanent  service 
road  as  shown  on  the  drawings  to  allow  access  to  the  site  from  December  7th 
Avenue. 
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CLIENT:  SHELL  OIL  COMPANY _ 

PROJECT:  ROCKY  MOUNTAIN  ARSENAL  REMEDIATION  PROJECT 

INTERIM  RESPONSE  ACTION  FINAL  DETAILED  DESIGN 


MORRISON  KNUDSEN  CORPORATION 


ENVIRONMENTAL  SERVICES  QROUP 


CONTENTS 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 


SCOPE 

RELATED  WORK 
REFERENCE  STANDARDS 
GENERAL  PROCEDURES 
SEEDBED  PREPARATION 
SEEDING 

EROSION  AND  PROTECTION 
MONITORING/MAINTENANCE 


Spec  No.: 

W.O.  No.: 

Date: 

Issue/Rev.: 

Page: 

PAGE 

3 

3 

3 

3 

4 

4 

5 
5 


34-0229 

2127-24 

12/20/90 

A 

2 


MORRISON  KNUOSEN  CORPORATION 

ENVIRONMENTAL  SERVICE 8  GROUP 


Spec  No.:  34-0229 

W.O.  No.:  2127-24 

Date:  12/20/90 

Issue/Rev.:  A 

Page:  3 


SPECIFICATION  34-0229 


SOIL  PREPARATION.  SEEDING.  AND  MULCHING 


1.  SCOPE 

A.  This  specification  and  other  Contract  Documents  cover  the  establishment  and 
maintenance  of  vegetation  over  the  final  graded  surface. 

B.  Generally,  the  items  of  work  include  furnishing  materials  and  completing 
preparation  of  the  seedbed,  seeding,  establishment  of  erosion  protection,  and 
monitoring  and  maintenance  of  the  vegetated  cover. 

2.  RELATED  WORK 

A.  The  following  related  work  is  covered  in  other  specifications: 

1)  Site  Preparation,  Grading,  Excavating,  and  Backfilling  (Specification 
34-0212) 

3.  REFERENCE  STANDARDS 

A-  Any  reference  to  standards  of  any  society,  institute,  association  or 
governmental  agency  shall  be  the  edition  in  effect  as  of  the  date  of  this 
specification,  unless  stated  otherwise. 

4.  GENERAL  PROCEDURES 

A.  Reference  Points:  Carefully  maintain  bench  marks,  monuments,  and  other 
reference  points.  Replace  them  as  the  Engineer  directs  if  they  are  disturbed 
or  destroyed. 

B.  Engineer/Contractor:  Seedbed  preparation,  seeding,  and  establishment  of 
erosion  protection  shall  be  completed  by  a  qualified  Contractor.  The 
Contractor  shall  have  experience  with  the  type  of  work  to  be  performed.  The 
Engineer  will  supervise  all  work  performed  by  the  Contractor  and  will  be 
knowledgeable  in  performing  and  supervising  the  type  of  work  specified 
herein.  The  work  described  above  shall  be  completed  to  the  satisfaction  of 
the  Engineer.  The  Engineer  will  determine  the  quality  of  work  by 
observation  and,  if  desired,  testing.  Further,  the  Engineer  will  implement 
and  supervise  monitoring  activities  and  maintenance  of  the  vegetated  cover. 
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C.  Contaminated  Materials:  It  is  anticipated  that  soil  preparation,  seeding,  and 
mulching  will  be  completed  in  filled  or  uncontaminated  cut  areas.  In  areas 
where  contaminants  are  discovered,  special  procedures  as  specified  by  the 
Engineer  shall  be  followed  to  protect  personnel  and  avoid  further 
contamination  of  the  site  or  equipment. 

5.  SEEDBED  PREPARATION 

A.  Disking:  Disk  soil  to  a  depth  of  6-8  inches  to  loosen  and  aerate  soil.  The 
Engineer  will  determine  the  type  of  equipment  used  and  whether  one  or  two 
passes  over  the  ground  surface  will  be  required,  depending  upon  the  type  of 
equipment  used  and  the  topsoil  compaction  resulting  from  final  site  grading. 

B.  Soil  Amendments/Fertilizer:  Following  completion  of  disking,  apply 
amendments  to  the  soil  at  the  following  rates: 

1)  Nitrogen  -  35  lbs/acre 

2)  Phosphorus  -  35  lbs/acre 

3)  Incorporate  commercial  fertilizer  into  the  upper  2-3  inches  of  soil 
using  a  spiked  tooth  harrow.  The  commercial  brand  and  rate  of 
application  of  the  fertilizer  shall  be  approved  in  advance  by  the 
Engineer. 

The  Engineer  will  determine  the  type  of  equipment  and  method  to  be  used 
for  applying  and  mixing  in  amendments. 

6.  SEEDING 

A.  Seed  Specie:  Crested  Wheatgrass;  Hycrest  variety. 

B.  Application  Rate:  20  lbs/acre 

C.  Seeding  Depth:  1/2  -  3/4  inch 

D.  Schedule:  The  preferred  time  period  for  seeding  is  October/November. 
However,  seed  may  be  applied  in  mid-September  to  allow  sufficient  time  for 
seed  germination  and  vegetations  establishment  before  first  frost. 

E.  Method:  The  equipment  and  method  used  to  seed  will  be  determined  by  the 
Engineer. 
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7.  EROSION  AND  PROTECTION 

A.  Mulching:  Following  seeding,  complete  mulching  to  minimize  the  potential 
for  soil  erosion.  Mulch  shall  be  free  of  mold,  mildew,  and  weed  seeds. 

1)  Mulch  Type  -  Grass  Hay 

2)  Application  Rate  -  2  tons/acre 

3)  Stem  Length  -  Minimum  of  4-6  inches  (prior  to  crimping) 

4)  Method  -  Crimping  (The  equipment  used  will  be  determined  by 
Engineer) 

B.  Water  Bars:  Water  bars  may  be  constructed,  as  necessary,  to  shorten  the 
lengths  of  slopes  having  sufficient  slope  length  and  grade  to  readily  erode. 
Following  completion  of  final  site  grading,  the  Engineer  will  determine 
whether  water  bars  will  be  constructed,  and  the  number  and  location  of  bars. 

8.  MONITORING  /MAINTENANCE 

A.  Maintenance:  Following  placement  of  erosion  protection,  the  following 
activities  my  be  required  at  the  discretion  of  and  under  the  supervision  of  the 
Engineer: 

1)  Regrade  portions  of  the  topsoil  layer,  if  and  where  significant  erosion 
has  occurred. 

2)  Inter-seed  to  maintain  acceptable  plant  density.  The  seed  mixture  and 
seeding  schedule  will  be  approved  by  the  Engineer. 

B.  Monitoring:  Soil  moisture  monitoring  stations  shall  be  installed  at  several 
locations  as  shown  on  the  drawings.  The  frequency  of  moisture  measurements 
and  the  method  of  collecting  and  reporting  data  will  be  determined  by  the 
Engineer. 
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SPECIFICATION  34-0263 


SLURRY  CUTOFF  TRENCH  -  VIBRATING  BEAM  INJECTION  METHOD 


SCOPE 

A.  This  specification  contains  the  requirements  for  the  slurry  cutoff  wall  using 
the  vibrating  beam  injection  method,  as  hereinafter  specified  or  as  required 
to  properly  complete  the  work.  The  vibrating  beam  injection  method  of  slurry 
cutoff  wall  construction  utilizes  a  crane  with  a  special  suspended  I-beam 
connected  to  a  large  capacity  vibrator.  Th  vibrator  enables  the  I-beam  to 
penetrate  the  subsoils  to  the  planned  depth.  Although  a  vibrating  beam  is 
most  commonly  used  to  insert  the  beam,  a  non-vibrating  driver  may  be 
injected  at  the  base  of  the  I-beam  to  create  a  minimum  four-inch-thick 
flexible  slurry  wall  panel.  The  continuous  slurry  wall  is  created  by 
overlapping  panels. 

B.  The  work  consists  of  furnishing  plant,  labor,  equipment,  and  materials  and  of 
performing  operations  as  required  to  construct  the  slurry  cutoff  wall  as 
specified  on  drawings  and  in  this  specification.  The  slurry  cutoff  wall  shall 
be  constructed  to  the  lines,  grades,  and  cross  sections  as  indicated  on  the 
drawings.  The  wall  shall  be  essentially  vertical,  shall  be  composed  of  an 
approved  slurry  mixture  pumped  under  controlled  pressure  through  the 
underlying  strata,  and  shall  be  keyed  into  the  appropriate  underlying  low 
permeability  strata  as  indicated  on  the  drawings. 

RELATED  WORK 

A.  The  following  related  work  is  covered  in  other  specifications: 

1)  Site  Preparation,  Grading,  Excavating  and  Backfilling  (Specification  34- 

0212) 

REFERENCE  STANDARDS 

A.  Organizations  whose  standards  are  referenced  herein  are  as  follows: 


1)  API  -  American  Petroleum  Institute 

2)  ASTM  -  American  Society  for  Testing  and  Materials 
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4.  CONTRACTOR  QUALIFICATIONS 

A.  Experience:  The  Contractor  will  be  required  to  submit  documentation  of 
work  experience  showing  he  is  competent  to  construct  a  slurry  wall  with  the 
vibrating  beam  injection  method.  Such  documentation  must  show  that  the 
slurry  wall  contractor  has  a  minimum  of  three  years  experience  in  vibrated 
beam  slurry  wall  construction,  and  has  participated  in  the  construction  of  not 
less  than  five  projects  of  similar  scope.  The  Contractor  will  also  be  required 
to  submit  evidence  that  he  or  his  subcontractor  will  have  sufficient  competent 
personnel  to  carry  out  the  operations  specified,  and  such  personnel  will  have 
previous  experience  in  the  vibrating  beam  injection  method  of  slurry  cutoff 
wall  construction. 

B.  blurry  Wall  Specialist:  A  construction  and  slurry  specialist(s)  (as  approved 
by  the  Engineer)  having  experience  with  the  vibrating  beam  method  of  slurry 
cutoff  wall  construction  shall  be  used  to  supervise  construction,  slurry 
preparation,  and  quality  control.  The  specialists  shall  be  at  the  site  of 
operations  at  all  times  that  the  installation  is  in  process.  The  knowledge  and 
experience  of  the  specialist(s)  should  include,  but  not  necessarily  be  limited 
to:  1)  mixing  methods  required  to  properly  mix  the  slurry  required,  and  2) 
construction  equipment  and  materials  testing  as  required  for  slurry  cutoff  wall 
construction  using  tne  vibrating  beam  method.  The  specialist(s)  shall  control 
the  mixing,  composition,  placement,  cleaning,  and  maintenance  of  the  slurry. 
The  credentials  of  the  specialist(s)  shall  be  submitted  to  the  Engineer  for 
approval  three  (3)  weeks  prior  to  starting  slurry  wall  construction. 

C.  Hazardous  Waste  Training:  Contractor  personnel  shall  provide 

documentation  for  completion  of  the  OSHA  40-hour  course  under  29  CFR 
1910.120. 

5.  GEOTECHNICAL  SITE  CONDITIONS 

A.  Exploratory  Borings:  Boreholes  have  been  drilled  by  the  Engineer  to 
determine  the  depth  to  bedrock  and  the  character  of  alluvial  materials 
overlying  the  bedrock.  A  general  lithologic  log  is  shown  on  Drawing  37803- 
34-003.  Cone  penetrometer  borings  have  also  been  made  over  the  site.  The 
Engineer  assumes  no  responsibility  for  interpretation  or  deductions  made  by 
the  Contractor  from  any  of  the  logs  or  borings.  Local  variations  in  the 
subsurface  materials  are  to  be  expected.  The  logs  are  available  for  inspection 
from  the  office  of  MK-Environmental  Services  in  Denver,  Colorado. 

B.  Subsurface  Conditions:  Borehole  information,  available  from  the  Engineer, 
indicates  that  the  material  up  to  11  feet  below  ground  surface  is  moderately 
well-sorted,  fine-grained,  unconsolidated  sand  interpreted  to  be  eolian  in 
origin.  This  eolian  sand  unit  is  underlain  by  approximately  8  to  15  feet  of 
silty  clay  interpreted  to  be  eluvial  in  origin.  Underlying  the  eluvial  clay  is  the 
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Denver  Formation  which  is  composed  of  siltstones,  claystones,  and  sandstones. 
The  depth  to  bedrock  along  the  proposed  slurry  wall  is  estimated  to  range 
from  approximately  19  to  26  feet  below  existing  ground  surface.  The  top  few 
feet  of  the  Denver  Formation  is  typically  weathered.  As  shown  on  the 
Drawings  and  discussed  in  Section  9  of  these  Specifications,  approximately  the 
southern  and  south  half  of  the  eastern  walls  of  the  slurry  cutoff  wall  are  to 
be  keyed  into  the  eluvial  clay,  and  the  remaining  portion  of  the  wall  is  to  be 
keyed  into  the  Denver  Formation.  Estimates  of  the  compressive  strength  of 
the  eluvial  clay  and  the  Denver  Formation  may  be  obtained  from  the 
Engineer. 

C.  Groundwater:  The  water  table  measured  during  August  of  1989  is  shown  on 
the  profiles  of  the  proposed  slurry  cutoff  wall  shown  in  the  Drawings.  The 
eluvial  clay  unit  forms  a  layer  of  low  permeability  underlying  the  eolian  sand 
unit.  In  core  samples,  the  clay  is  moist,  but  may  not  be  saturated. 

D.  Geophysical  Screening:  A  geophysical  screening  program  was  conducted  to 
aid  in  determining  a  proposed  location  for  the  slurry  cutoff  wall  that  would 
minimize  the  chance  that  underground  obstructions  are  encountered  during 
construction.  A  report  of  the  investigation  is  available  for  inspection  at  the 
offices  of  MK-Environmental  Services  in  Denver,  Colorado. 

6.  SUBMITTALS 

A.  General:  The  Contractor  shall  provide  the  submittals  outlined  herein  to  the 
Engineer  at  least  three  (3)  weeks  prior  to  the  start  of  construction  for 
approval. 

B.  Schedule  and  Sequence  of  Operations:  A  schedule  and  sequence  of 
operations  including,  but  not  necessarily  limited  to:  1)  slurry  cutoff  wall 
construction;  2)  waste  management;  3)  slurry  preparation;  and  4)  clean*up. 

C.  Layout  of  Operations:  A  layout  of  operations  including,  but  not  necessarily 
limited  to,  drawings  depicting:  1)  IMPERMIX  storage  area(s);  2)  slurry 
preparation  area(s);  3)  hydration  area(s);  4)  location  and  sizes  of  stationary 
equipment;  5)  water  storage  tanks,  pumps,  valves,  lines,  hoses  and  materials; 
and  6)  waste  areas.  Operations  and  storage  of  materials  within  the  area 
overlying  the  original  disposal  trenches  (outlined  on  the  Drawings)  will  not 
be  allowed. 

D.  Slurry  Cutoff  Wall  Construction  Method  and  Equipment:  A  description  of 
the  proposed  construction  method  of  the  slurry  cutoff  wall  and  a  listing  of  the 
Contractor’s  available  equipment. 

E.  Material  Certification:  Written  certification  showing  that  the  material  used 
to  make  the  grout  meets  the  requirements  of  Section  7  of  these  specifications. 
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If  needed,  the  Contractor  shall  also  submit  a  written  statement  as  to  the  need 
for  any  additional  admixtures,  and/or  retarders,  and  their  effect  on  the  slurry 
mixture. 

F.  Slurry  Mix  Design:  The  design  of  the  IMPERMIX  grouting  mix,  which  shall 
meet  all  requirements  of  the  Impermix  manufacturer. 

G.  Quality  Control  Testing  Equipment  and  Procedures:  Methodology  proposed 
to  perform  required  quality  control  tests. 

MATERIALS 

A.  Slurry:  Slurry  shall  consist  of  a  stable  colloidal  suspension  of  IMPERMIX  (as 
sold  by  Envirotrench  Company,  Pelham,  New  York  or  Engineer  approved 
equal),  and  water.  Impermix  is  a  self-hardening  slurry  that  is  mechanically 
viscosified. 

B.  Slurry  Properties:  At  the  time  of  injection,  slurry  shall  meet  the  following 
requirements: 

1)  Viscosity  of  at  least  36  marsh  cone  seconds  as  determined  in 
accordance  with  API  RP-13B. 

2)  Minimum  slurry  mixture  temperature  shall  be  forty  (40)  degrees 
Fahrenheit. 

3)  After  proper  agitation,  the  resulting  IMPERMIX  slurry  shall  be 
homogeneous  prior  to  use,  except  that  up  to  three  percent  (3%)  free 
water  shall  be  allowed. 

4)  The  water  loss  shall  be  measured  when  tested  in  accordance  with  "Low 
Temperature  Filtration  Test"  API  RP-13B. 

5)  The  mix  of  water  and  IMPERMIX  shall  be  controlled  by  the 
Contractor  such  that  the  density  of  the  slurry  shall  be  within  an 
acceptable  range,  as  measured  in  accordance  with  API  Specification 
13  A. 

C.  Water:  Water  shall  be  clean,  fresh,  and  free  from  oil,  and  excessive  amounts 
of  acid,  alkali,  organic  matter,  or  other  deleterious  substances.  The  Engineer 
will  provide  water  at  a  source  that  will  be  identified  by  the  Engineer. 
Conveying  the  water  from  the  identified  source  to  the  point  of  use  will  be  the 
responsibility  of  the  Contractor.  The  Contractor  is  responsible  for  changes 
in  the  water  chemistry  and  its  effect  on  the  slurry  mixture.  Water  used  in 
preparing  the  IMPERMIX  slurry  shall  have  a  pH  of  between  6  and  8.  The 
water  shall  contain  no  more  than  750  mg/1  total  dissolved  solids,  and  shall  not 
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have  total  hardness  exceeding  150  mg/1.  Use  of  electrical  conductance  to 
provide  an  indication  of  TDS  will  be  acceptable. 

EQUIPMENT 

A.  The  slurry  cutoff  wall  shall  be  constructed  using  suitable  equipment  capable 
of  attaining  the  required  thickness,  depth,  and  continuity  of  the  wall. 

B.  The  vibrating  beam  shall  have  a  web  depth  of  20  to  60  inches  and  a  flange 
width  of  10  to  15  inches. 

C.  The  slurry  plant  shall  include  the  necessary  equipment,  including  a  colloidal 
mixer  capable  of  producing  a  colloidal  suspension  of  IMPERMIX  (which  is 
mechanically  viscosified)  and  water,  and  the  necessary  sumps,  holding  tanks 
(with  agitators  if  required),  pumps,  valves,  hoses,  supply  lines,  small  tools,  and 
all  other  equipment  as  may  be  required  to  adequately  supply  slurry  to  the 
storage  tank  and  the  trench. 

D.  The  Contractor  shall  provide  the  laboratory  equipment  necessary  for  the 
testing  required  as  specified  herein. 

EXECUTION  OF  THE  WORK 

A.  General:  The  Contractor  shall  be  responsible  for  meeting  all  requirements 
listed  below.  Completed  wall  sections  failing  to  meet  these  requirements  shall 
be  repaired  immediately  to  the  satisfaction  of  the  Engineer. 

B.  Working  Platform:  Prior  to  slurry  cutoff  wall  construction,  a  minimum  25- 
foot-wide  working  platform  composed  of  up  to  about  three  (3)  feet  of 
compacted  soil  fill  will  be  constructed  along  the  proposed  slurry  wall 
alignment.  The  working  platform  will  be  approximately  level  from  side  to 
side.  The  longitudinal  profile  of  the  working  platform  is  shown  on  the 
Drawings.  The  slurry  wall  shall  be  constructed  to  the  top  surface  of  the 
working  platform.  Any  trenching  or  excavation  of  the  working  platform  shall 
not  extend  into  native  soils  underlying  the  fill  used  to  construct  the  working 
platform.  Equipment  storage  and  assembly  areas  will  be  constructed  outside 
of  the  area  overlying  the  original  disposal  trenches. 

C.  Slurry:  Slurry  shall  be  pumped  from  the  mixing  plant  to  a  holding  tank  only 
after  the  IMPERMIX  has  been  hydrated.  A  slurry  mixing  area  will  be 
constructed  prior  to  initiating  placement  of  slurry. 

D.  Beam  Driving:  The  beam  shall  be  inserted  to  the  specified  depth  by  a 
vibrating  driver  (unless  use  of  a  non-vibrating  driver  has  been  approved  by 
the  Engineer)  at  its  maximum  rate  and  shall  be  extracted  at  the  rate  of  10 
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feet  per  minute.  The  pumping  pressure  of  the  slurry  shall  be  such  as  to 
maintain  a  full  trench  level  around  the  beam  during  extraction. 

E.  Alignment:  The  beam  shall  be  controlled  by  guide  leads  assuring  plumbness 
in  the  vertical  plane  within  the  limits  of  plus  or  minus  one  percent  (1%). 

F.  Overlap  and  Change  in  Alignment:  Each  insertion  of  the  beam  shall  overlap 
the  previous  insertion  by  a  minimum  of  ten  percent  (10%)  of  the  beam  depth, 
or  four  (4)  inches,  whichever  is  least.  At  any  changes  in  alignment  of  the 
slurry  cutoff  wall  that  are  greater  than  30  degrees,  the  first  slurry  panel  shall 
be  allowed  to  cure  for  a  minimum  of  24  hours  before  the  second  panel  is 
driven  through  it. 

G.  Wall  Thickness:  The  completed  slurry  cutoff  wall  shall  be  plastic  and 
continuous  with  no  gaps  and  shall  have  a  minimum  thickness  of  4  inches. 

H.  Key:  The  bottom  of  the  slurry  cutoff  wall  will  be  keyed  into  the  eluvial  clay 
or  the  Denver  Formation,  as  specified  by  the  Drawings.  The  key  shall  be  a 
minimum  of  three  (3)  feet  into  the  specified  geologic  unit  (as  determined  by 
the  Engineer),  or  until  rejection,  whichever  is  least. 

I.  Hydraulic  Conductivity:  The  average  hydraulic  conductivity  of  samples  tested 
of  the  finished  wall  shall  not  exceed  1  x  10'7  cm/sec  as  determined  in 
accordance  with  ASTM  D-1587. 

J.  Underground  Obstructions:  The  geophysical  screening  described  in  Section 
5D  has  been  performed  to  minimize  the  potential  for  encountering 
underground  obstructions  that  may  prevent  slurry  wall  construction.  In  the 
event  that  such  obstructions  are  encountered,  the  Contractor  shall 
immediately  notify  the  Engineer,  whereupon  an  alternate  alignment  shall  be 
determined. 

K.  Clean-up:  After  completion  of  trenching  the  Contractor  shall  dispose  of  all 
other  materials  or  by-products  as  directed  by  the  Engineer.  Excess  grout  can 
be  distributed  over  the  ground  surface  within  the  area  surrounded  by  the 
working  platform,  up  to  an  elevation  approximately  24  inches  below  the  top 
of  the  working  platform. 

10.  QUALITY  CONTROL 

A  General:  The  Contractor  shall  maintain  his  own  Quality  Control  for  the 
slurry  cutoff  wall  construction  under  the  direction  of  a  qualified  slurry  wall 
specialist.  The  Contractor  shall  provide  the  necessary  personnel,  laboratory 
facilities  and  testing  equipment  to  perform  the  specified  tests. 
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B.  Continuity  and  Key:  The  Contractor  shall  be  responsible  for  demonstrating, 
to  the  satisfaction  of  the  Engineer,  that  the  trench  is  continuous,  meets  the 
specified  minimum  thickness  of  four  (4)  inches,  and  is  keyed  into  the 
appropriate  formation  the  minimum  specified  depth  as  discussed  herein. 
Trench  continuity  and  depth  shall  be  demonstrated  by  pulling  a  steel  bar  that 
extends  to  the  bottom  of  the  slurry  cutoff  wall  horizontally  through  the  entire 
wail.  The  bar  shall  be  pulled  through  the  in-place  wall  before  the  slurry 
hardens  such  that  the  slurry  is  permanently  deformed  by  the  presence  or 
passage  of  the  bar.  At  a  minimum,  the  bar  shall  not  be  allowed  to  remain 
in  slurry  that  has  been  in  place  for  more  than  two  (2)  hours.  When  necessary 
to  meet  this  requirement,  such  as  at  the  end  of  each  day,  the  bar  shall  be 
removed  from  the  slurry  wall.  Trench  width  shall  be  demonstrated  by 
inserting  a  three  and  three  quarters  (3-3/4)  inch  template  into  fresh  slurry  to 
the  total  depth  of  the  wall  at  a  minimum  spacing  of  50  feet  along  the  trench 
alignment,  or  more  frequently  if  deemed  by  the  Engineer  to  be  necessary  to 
verify  minimum  wall  thickness. 

C.  Materials: 

1)  IMPERMIX  Slurry:  Testing  for  slurry  density  and  viscosity  (described 
in  Section  7B),  shall  be  performed  a  minimum  of  once  each  two  (2) 
hours  during  working  hours. 

2)  Hydraulic  Conductivity:  Hydraulic  conductivity  of  the  finished  wall  (as 
described  in  Section  91)  shall  be  determined  at  minimum  wall  spacings 
of  200  feet. 

3)  Filtrate  Loss:  Testing  of  the  filtrate  loss  of  the  slurry  (described  in 
Section  7B)  shall  be  performed  each  morning  of  each  working  day. 

4)  Water:  Testing  for  pH,  electrical  conductance,  and  hardness 
(described  in  Section  7C)  shall  be  performed  at  the  beginning  of  the 
project,  unless  otherwise  directed  by  the  Engineer. 

D.  Documentation:  Results  of  all  tests  performed  in  accordance  with  this 
Specification  shall  be  recorded  by  the  Contractor  on  forms  acceptable  to  the 
Engineer  and  signed  by  the  Contractor’s  slurry  cutoff  wall  specialist.  These 
forms  shall  be  made  available  to  the  Engineer  at  all  times  for  his  inspection. 
Copies  of  all  forms  shall  be  submitted  daily  to  the  Engineer. 

11.  QUALITY  ASSURANCE 

A.  Testing:  The  Engineer  may  perform  independent  quality  assurance  testing 
on  the  slurry  and  backfill  materials  using  the  laboratory  and  equipment 
furnished  by  the  Contractor.  The  testing  will  in  no  way  relieve  the  Contractor 
of  the  responsibility  of  performing  tests  necessary  to  meet  the  construction 
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requirements.  The  Contractor  shall  provide  the  necessary  equipment  and 
laboratory  space  for  such  testing  to  the  Engineer  on  demand.  Routine  testing 
procedures  being  conducted  by  the  Contractor  shall  be  available  for 
inspection  by  the  Engineer. 

B.  Testing  Equipment:  The  Contractor  shall  furnish  and  maintain  test 
equipment  necessary  to  adequately  perform  the  required  testing.  Procedures 
shall  conform  to  applicable  API  specifications  or  other  suitable  methods  as 
approved  by  the  Engineer.  The  Contractor  shall  allow  the  Engineer  access 
to  testing  equipment  and  test  results  without  charge.  The  testing  equipment 
shall  include,  but  not  necessarily  be  limited  to:  1)  Marsh  Funnel  viscometer 
and  Measuring  Cup  (Baroid  No.  201  and  202  or  approved  equal);  2)  Stop 
Watch;  3)  CO  Cartridge  Pressurized  Filter  Press  System  (Baroid  No.  302- 
01  or  approved  equal);  4)  pH  Dispenser  with  Paper  (Baroid  No.  625  or 
approved  equal);  5)  Approved  equipment  for  determining  hydraulic 
conductivity;  and  6)  Mud  Balance  (Baroid  No.  140  or  approved  equal).  Test 
results  shall  be  reported  to  the  Engineer  within  24  hours  of  conducting  a  test. 
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SPECIFICATION  34-0274 

ALLUVIAL  GROUNDWATER  MONITORING  WELLS 


1.  SCOPE 

A.  Seven  nominal  4-inch  diameter  alluvial  groundwater  monitoring  wells  will  be 
constructed  in  the  Shell  Section  36  Trenches  area.  The  groundwater 
monitoring  wells  will  be  installed  for  the  purposes  of  monitoring  groundwater 
quality  and  water  levels  up-  and  downgradient  from  the  barrier.  In  addition 
to  monitoring  groundwater  quality  and  water  levels,  five  of  the  seven 
groundwater  monitoring  wells  located  downgradient  from  the  barrier  will 
constitute  a  means  of  verifying  the  presence  or  absense  of  dense  non-aqueous 
phase  liquid  (DNAPL). 

B.  Geophysical  techniques  will  be  used  to  survey  each  borehole  location  prior 
to  drilling  activities  for  the  presence  of  unexploded  ordnance.  Soil  samples 
will  be  collected  from  three  of  the  boreholes. 

C.  The  groundwater  monitoring  wells  have  an  average  depth  of  approximately 
11  ft  and  are  expected  to  vary  in  approximate  depth  from  8  to  19  ft.  The 
Contractor  shall  furnish  equipment,  labor  and  materials,  and  perform 
operations  as  required  to  construct  each  well.  Typical  design  details  are 
presented  on  the  drawings. 

2.  RELATED  WORK 

A.  The  following  related  work  is  covered  in  other  specifications: 

1)  Permanent  Piezometers  (Specification  34-0276) 

2)  Well  Abandonment  (Specification  34-0274) 

3)  Cast-In-Place  Concrete  (Specification  34-0301) 

3.  REFERENCE  STANDARDS 

A.  The  organization  whose  standards  are  referenced  herein  is  the  American 
Petroleum  Institute  (API). 

4.  CONTRACTOR  QUALIFICATIONS 

A.  The  Contractor  shall  submit  evidence  to  the  Engir.  ;er  including:  drilling 
experience  in  the  Denver  area  and  a  list  of  available  drilling  and  support 
equipment;  and  that  they  are  competent  to  construct  a  groundwater 
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monitoring  well  of  the  design  provided  by  the  Engineer.  This  evidence  should 
ensure  that  the  Contractor  will  have  sufficient  experienced  personnel  to 
construct  the  wells.  The  Contractor  shall  supervise  the  well  installation 
including  borehole  drilling,  well  construction,  and  well  development. 

5.  ALLUVIAL  GROUNDWATER  MONITORING  WELL  DESCRIPTION 

A.  The  groundwater  monitoring  wells  shall  be  constructed  within  a  minimum  10- 
inch  diameter  auger  borehole  (6  1/4-inch  inside  diameter  hollow-stem)  to 
total  depth.  The  well  shall  be  completed  with  nominal  4-inch  diameter 
Schedule  40  PVC  slotted  and  blank  casing,  bottom  plug,  top  cap,  well  pack, 
bentonite  seal,  concrete,  and  a  vented  lockable  cap  on  nominal  8-inch 
diameter  steel  protective  casing  set  in  a  reinforced  concrete  well  pad. 

6.  MATERIALS 

A.  Blank  Casing:  The  well  casing  shall  be  new,  nominal  4-inch  diameter,  flush- 
threaded,  Schedule  40  PVC  pipe  with  a  vented,  Schedule  40  PVC  top  cap. 

B.  Well  Screen:  The  well  shall  be  completed  with  new,  nominal  4-inch  diameter, 
flush-threaded,  20-slot  (0.020-inch)  Schedule  40  PVC  commercially  slotted 
casing  having  slot  spacers  of  1/4  inch;  and  a  solid,  one-piece,  flush-threaded 
Schedule  40  PVC  bottom  cap  or  plug. 

C.  Well  Pack:  The  well  pack  shall  consist  of  graded  size  10-20  mesh  washed 
silica  sand  as  produced  by  Colorado  Silica  Sand  or  approved  equal.  Well 
pack  characteristics  may  be  changed  by  the  Engineer  depending  upon 
subsurface  geologic  conditions  encountered  during  borehole  drilling. 

D.  Bentonite:  The  bentonite  shall  be  sodium  cation  base  montmorillonite, 
premium  grade  Wyoming-type  bentonite,  which  conforms  to  the  most  recent 
applicable  API  specifications.  The  Contractor  shall  submit  a  certificate  of 
compliance.  Bentonite  shall  be  protected  from  moisture  during  transit  and 
storage. 

E.  Water:  A  source  of  water  for  use  during  drilling  operations  will  be  identified 
by  the  Engineer.  The  Contractor  is  responsible  for  transporting  water  to  each 
well  site. 

F.  Protective  Casing:  A  nominal  5  ft.  by  8-inch  diameter  carbon  steel  pipe  shall 
be  used  for  the  surface  protective  casing.  The  steel  casing  shall  penetrate  a 
maximum  of  3  ft  below  the  top  of  the  well  pad  and  extend  2  ft  or  more  above 
the  well  pad  depending  upon  the  depth  to  the  top  of  the  bentonite  seal.  The 
steel  casing  shall  have  a  metal,  vented  lockable  cap  (MAASS  8LCR  or 
approved  equal). 
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G.  Cement:  Type  II  Portland  cement  shall  be  used  for  applications  requiring 
cement. 

EQUIPMENT 

A.  Drilling  of  the  alluvial  wells  shall  be  accomplished  by  use  of  a  suitable 
hollow-stem  auger  or  other  well  drilling  rig  not  requiring  drilling  fluid  for 
operation.  The  drilling  rig  shall  have  the  capabilities  of  successfully  drilling 
a  borehole  using  6  1/4-inch  inside  diameter  hollow-stem  augers  and 
constructing  a  nominal  4-inch  diameter  well  to  a  depth  of  at  least  19  ft.  The 
Contractor  shall  have  the  capability  of  installing  the  required  PVC  casing 
string,  well  pack,  bentonite  seal,  concrete,  protective  casing,  and  concrete  well 
pad. 

WELL  CONSTRUCTION 

A.  General:  Groundwater  monitoring  wells  shall  be  completed  approximately 
as  discussed  in  the  following  sections.  Site-specific  geologic  conditions  may 
require  changes  to  well  construction  plans.  Modifications  to  construction 
specifications  must  be  approved  in  advance  in  writing  by  the  Engineer.  Each 
activity  must  be  completed  to  the  satisfaction  of  the  Engineer. 

B.  Borehole:  A  borehole  shall  be  drilled  using  6  1/4-inch  inside  diameter 
hollow-stem  augers  to  penetrate  into  the  alluvium.  Depth  into  the  alluvium 
will  be  verified  by  the  Engineer.  Soil  samples  will  be  collected  continuously 
over  the  saturated  eolian  unit  from  three  boreholes  and  composited  for  grain- 
size  distribution  analysis.  Continuous  samples  will  also  be  collected  from  the 
saturated  eluvial  unit  from  the  same  boreholes  for  the  same  analysis. 

C.  Well  String:  A  well  string  consisting  of  nominal  4-inch  diameter,  20-slot 
(0.020-inch)  Schedule  40  PVC  commercially  slotted  casing  with  bottom  cap 
or  plug,  and  nominal  4-inch  diameter,  blank.  Schedule  40  PVC  with  top  cap 
above  the  slotted  casing  shall  be  installed.  The  slotted  casing  shall  extend 
from  0.3  to  3.4  ft  above  the  water  table  as  pre-determined  for  individual  wells. 
The  blank  casing  shall  extend  approximately  2  feet  above  the  concrete  well 
pad.  All  casing  joints  shall  be  flush  threaded. 

D.  Well  Pack:  A  well  pack  shall  consist  of  size  10-20  mesh  washed  silica  sand 
extending  to  1  ft  above  the  top  of  the  slotted  casing  from  the  total  depth. 
Precautions  shall  be  taken  during  well  pack  installation  to  prevent  excessive 
compaction  or  bridging.  Additional  well  pack  shall  be  added  as  required  to 
maintain  the  well  pack  approximately  1  ft  above  the  top  of  the  slotted  casing. 

E.  Annular  Seal:  A  1  to  2-ft  thick  hydrated  bentonite  seal  shall  be  placed  on 
top  of  the  sand  pack.  Concrete  shall  be  placed  from  the  bentonite  seal  to  the 
surface.  Well  construction  operations  shall  be  conducted  continuously  from 
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the  beginning  of  well  pack  placement  until  the  concrete  is  placed.  Additional 
concrete  will  be  added  as  necessary  to  maintain  the  concrete  level  at  the 
desired  level.  The  concrete  shall  be  machine  or  hand  mixed  to  the 
satisfaction  of  the  Engineer  and  shall  consist  of  20  parts  cement  to  1  part 
bentonite  with  a  maximum  of  6.5  gallons  of  water  added  per  sack  of  cement. 

F.  Surface  Completion: 

1)  Protective  Casing:  A  nominal  8-inch  diameter  steel  pipe  with  a 
lockable  cover  and  vented  cap,  extending  from  a  maximum  of  3  ft 
below  finish  grade  to  2  ft  or  more  above  grade  and  painted  yellow 
shall  be  installed. 

2)  Well  Pad:  A  48-inch  square,  6-inch  thick  6x6-W2xW2  WWF- 
reinforced  concrete  pad,  centered  on  the  well  and  sloped  away  from 
the  well  for  drainage,  extending  into  the  borehole  annulus  to  the  top 
of  the  concrete  shall  be  used  (see  Specifications  34-0301  and  34-0321). 

G.  Well  Drill  Cuttings:  Well  cuttings  produced  during  drilling  operations  shall 
be  considered  potentially  contaminated.  These  cuttings  shall  be  secured  in 
55-gallon  drums  provided  by  the  Engineer.  The  Engineer  will  arrange  for  the 
ultimate  disposal  of  well  drill  cuttings. 

H.  Surveying:  The  ground  elevation  and  the  elevation  and  location  coordinates 
of  the  top  of  the  casing  on  the  alluvial  monitoring  wells  will  be  surveyed  by 
the  Engineer. 

WELL  DEVELOPMENT 

A.  The  wells  shall  be  developed  by  the  Contractor  following  completion  of  well 
construction  activities.  Well  development  shall  be  conducted  by  alternately 
surging  and  bailing  each  well  as  directed  by  the  Engineer,  and  shall  include 
surging  of  all  screened  sections  of  the  aquifer.  Surging  shall  be  performed 
by  use  of  a  surge  block  or  bailer  of  minimum  3-inch  outside  diameter.  Wells 
shall  be  developed  for  a  minimum  of  two  hours,  or  until  discharge  water 
during  surging  of  all  screened  well  sections  are  essentially  free  of  sand, 
whichever  is  greater.  Water  removed  from  a  well  during  development  shall 
be  visually  monitored  for  sand  content  and  turbidity.  The  total  volume  of 
water  removed  during  well  development  shall  be  recorded  by  the  Engineer. 
Water  generated  during  well  development  activities  shall  be  collected  in 
suitable  drums  or  tanks  provided  and  disposed  of  by  the  Engineer. 
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10.  CLEANUP 

A.  At  completion  and  before  acceptance  of  this  work,  all  equipment,  surplus 
materials  and  rubbish  shall  be  removed,  leaving  the  site  in  a  neat,  presentable 
condition  acceptable  to  the  Engineer. 

11.  QUALITY  CONTROL 

A.  General:  The  Contractor  shall  maintain  records  as  required  by  the  Engineer 
to  assure  that  well  construction  is  being  conducted  within  contract  limits.  The 
results  of  drilling,  well  construction,  and  well  development  activities  shall  be 
documented  to  assure  they  meet  specifications.  The  Contractor  shall  maintain 
records  of  observations,  measurements  and  tests  performed.  These  records 
shall  be  furnished  to  the  Engineer  no  later  than  24  hours  after  the  tests, 
measurements,  and/or  observations  are  made. 

B.  Well  Construction  Log:  The  Contractor  and  Engineer  shall  each  maintain 
logs  of  daily  activities.  A  well  construction  log  shall  be  maintained  by  both 
the  Engineer  and  Contractor  and  shall  identify  subsurface  geologic 
occurrences  encountered  during  well  construction.  The  depths  to  the  water 
table  and  contacts  between  geologic  units  shall  be  identified. 
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SPECIFICATION  34-0274 
WELL  ABANDONMENT 


1.  SCOPE 

A.  General: 

Nine  wells  and  ten  well  points  located  inside  the  proposed  barrier  and  six 
wells  located  outside  of  the  barrier  shall  be  abandoned  prior  to  installation 
of  the  soil  and  vegetative  cover.  The  wells  located  inside  the  barrier  shall  be 
closed  to  facilitate  construction  of  the  soil  and  vegetative  cover.  The  wells 
located  outside  of  the  barrier  shall  be  closed  because  they  are  of  unknown  or 
unreliable  construction.  Ten  additional  wells  located  outside  of  the  proposed 
barrier  are  of  known  and  reliable  construction  but  may  be  screened  over 
multiple  hydrogeologic  units.  These  wells  shall  be  considered  for  closure  once 
additional  information  is  available.  A  brief  description  of  each  well  is 
presented  below.  The  wells  are  expected  to  vary  in  depth  from  9  to  119  ft. 
The  Contractor  shall  furnish  equipment,  labor  and  material,  and  perform 
operations  as  required  to  abandon  each  well. 

B.  Wells  Located  Inside  the  Barrier: 

1)  Well  36163  (Alluvium!:  Installed  in  January  1987,  Well  36163  has  a 
borehole  depth  of  16.5  ft  and  a  casing  depth  of  16.5  ft.  The  borehole 
diameter  is  12.25  inches  and  the  casing  diameter  is  4.0  inches.  This 
well  is  screened  from  10.7  to  16.5  ft  in  the  alluvium. 

2)  Well  36164  (Alluviuml:  Well  36164,  installed  in  January  1987,  has  a 
borehole  depth  of  13.5  ft  and  a  casing  depth  of  13.0  ft.  The  borehole 
diameter  is  12.25  inches  and  the  casing  diameter  is  4.0  inches.  This 
well  is  screened  from  7.51  to  13.0  ft  in  the  alluvium. 

3)  Well  36516  (Alluvium):  Installed  in  September  1989,  Well  36516  has 
borehole  depth  of  24.0  ft  and  a  casing  depth  of  21.5  ft.  The  borehole 
diameter  is  7.63  inches  and  the  casing  diameter  is  2.0  inches.  This  well 
is  screened  from  6.5  to  21.5  ft  in  the  alluvium. 

4)  Well  36518  ('Alluvium'):  Well  36518,  installed  in  September  1989,  has 
a  borehole  depth  of  14.2  ft  and  a  casing  depth  of  14.2  ft.  The  borehole 
diameter  is  7.63  inches  and  the  casing  diameter  is  2.0  inches.  This  well 
is  screened  from  9.2  to  14.2  ft  in  the  alluvium. 

5)  Well  36519  and  Well  Points  (Alluvium!:  Installed  in  March  1989,  Well 
36519  has  a  borehole  depth  of  11.5  ft  and  a  casing  depth  of  11.3  ft. 
The  borehole  diameter  is  7.75  inches  and  the  casing  diameter  is  2.0 
inches.  This  well  is  screened  from  6.3  to  11.3  ft  in  the  alluvium.  Ten 
well  points,  installed  in  April  1990,  each  have  total  depths  of  10.8  ft. 
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6)  Well  36520  ('Alluviuml:  Installed  in  March  1989,  Well  36520  has  a 
borehole  depth  of  9.5  ft  and  a  casing  depth  of  9.0  ft.  lire  borehole 
diameter  is  7.75  inches  and  the  casing  diameter  is  2.0  inches.  This  well 
is  screened  from  4.0  to  9.0  ft  in  the  alluvium. 

7)  Well  36590  lAlluvium  and  Upper  Denver  Formation!:  Well  36590, 
installed  in  June  1980,  has  a  borehole  depth  of  29.0  ft  and  a  casing 
depth  of  28.0  ft.  The  borehole  diameter  is  8.0  inches  and  the  casing 
diameter  is  4.0  inches.  This  well  is  screened  from  18.0  to  28.0  ft  in  the 
alluvium  and  upper  Denver  Formation. 

8)  Well  36591  (Alluvium  and  Upper  Denver  Formation!:  Installed  in 
June  1980,  Well  36591  has  a  borehole  depth  of  28.0  ft  and  a  casing 
depth  of  28.0  ft.  The  borehole  diameter  is  8.0  inches  and  the  casing 
diameter  is  4.0  inches.  This  well  is  screened  from  18.0  to  28.0  ft  in  the 
alluvium  and  upper  Denver  Formation. 

9)  Well  36592  (Alluvium  and  Upper  Denver  Formation):  Well  36592, 
installed  in  June  1980,  has  a  borehole  depth  of  28.0  ft  and  a  casing 
depth  of  28.0  ft.  The  borehole  diameter  is  8.0  inches  and  the  casing 
diameter  is  4.0  inches.  This  well  is  screened  from  18.0  to  28.0  ft  in  the 
alluvium  and  upper  Denver  Formation. 

C.  Wells  of  Unknown  or  Unreliable  Construction 

1)  Well  36063  f  Alluvium V.  Installed  in  August  1978,  Well  36063  has  a 
borehole  depth  of  23.7  ft  and  a  casing  depth  of  23.7  ft.  The  borehole 
diameter  is  unknown  and  the  casing  diameter  is  2.0  inches.  This  well 
is  screened  from  18.3  to  21.7  ft  in  the  alluvium.  There  is  no 
information  on  grout  or  sand  pack. 


2)  Well  36064  (Confined  Denver  Formation!:  Installed  in  August  1978, 
Well  36064  has  a  borehole  depth  of  119.6  ft  and  a  casing  depth  of 
119.0  ft.  The  borehole  diameter  is  unknown  and  the  casing  diameter 
is  2.0  inches.  This  well  is  screened  from  70.2  to  73.6  ft  in  the  confined 
Denver  Formation.  There  is  a  45.4-ft  long  interval  between  the  bottom 
of  the  screen  and  the  total  depth  drilled. 

3)  Well  36065  (Alluviuml:  Installed  in  August  1978,  Well  36065  has  a 
borehole  depth  of  24.0  ft  and  a  casing  depth  of  24.0  ft.  The  borehole 
diameter  is  unknown  and  the  casing  diameter  is  2.0  inches.  This  well 
is  screened  from  17.6  to  21.0  ft  in  the  alluvium.  There  is  no 
information  on  grout  or  sand  pack. 
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4)  Well  36066  (Confined  Denver  FormationV.  Well  36066  installed  in 
August  1978,  is  a  deep  twin  to  Well  36065.  This  well  has  borehole 
depth  of  114.9  ft  and  a  casing  depth  of  114.0  ft.  The  borehole 
diameter  is  unknown  and  the  casing  diameter  is  2.0  inches.  The  well 
is  screened  in  the  confined  Denver  Formation  from  73.3  ft  to  76.7  ft 
and  has  37.3  ft  of  casing  below  the  screen. 

5)  Well  36067  (Alluvium):  Installed  in  July  1978,  Well  36067  has  a 
borehole  depth  of  24.5  ft  and  a  casing  depth  of  24.5  ft.  The  borehole 
diameter  is  unknown  and  the  casing  diameter  is  2.0  inches.  This  well 
is  screened  from  10.4  to  13.4  ft  in  the  alluvium.  The  well  has  11.1  ft 
of  casing  below  the  screened  interval. 

6)  Well  36104  (Confined  Denver  Formation!:  Well  36104,  installed  in 
July  1978,  has  a  borehole  depth  of  112.8  ft  and  a  casing  depth  of  112.7 
ft.  This  well  is  the  deep  twin  to  Well  36067.  The  borehole  diameter 
is  unknown  and  the  casing  diameter  is  2.0  inches.  The  well  is  screened 
in  the  confined  Denver  Formation  from  92.0  ft.  to  99.0  ft.  There  is 
13.7  ft  between  the  bottom  of  the  screen  and  the  total  depth  drilled. 

D.  Wells  of  Known  or  Reliable  Construction 

1)  Well  36504  (Alluvium!:  Installed  in  March  1989,  Well  36504  has  a 
borehole  depth  of  21.0  ft  and  a  casing  depth  of  18.0  ft.  The  borehole 
diameter  is  10.0  inches  and  the  casing  diameter  is  4.0  inches.  This  well 
is  screened  from  3.0  to  18.0  ft  in  the  alluvium. 

2)  Well  36505  (Alluvium  and  Upper  Denver  Formation!:  Well  36505, 
installed  in  March  1989,  has  a  borehole  depth  of  13.0  ft  and  a  casing 
depth  of  13.0  ft.  The  borehole  diameter  is  10.0  inches  and  the  casing 
diameter  is  4.0  inches.  This  well  is  screened  from  3.0  to  13.0  ft  in  the 
alluvium  and  Upper  Denver  Formation. 

3)  Well  36506  (Alluvium  and  Upper  Denver  Formation!:  Installed  in 
March  1989,  Well  36506  has  a  borehole  depth  of  23.0  ft  and  a  casing 
depth  of  23.0  ft.  The  borehole  diameter  is  10.0  inches  and  the  casing 
diameter  is  4.0  inches.  This  well  is  screened  from  3.0  to  23.0  ft  in  the 
alluvium  and  Upper  Denver  Formation. 

4)  Well  36507  (Alluvium):  Well  36507,  installed  in  April  1989,  has  a 
borehole  depth  of  22.0  ft  and  a  casing  depth  of  19.0  ft.  The  borehole 
diameter  is  10.0  inches  and  the  casing  diameter  is  4.0  inches.  This  well 
is  screened  from  4.0  to  19.0  ft  in  the  alluvium. 

5)  Well  36508  (Alluvium1):  Installed  in  March  1989,  Well  36508  has  a 
borehole  depth  of  25.5  ft  and  a  casing  depth  of  22.3  ft.  The  borehole 
diameter  is  10.0  inches  and  the  casing  diameter  is  4.0  inches.  This  well 
is  screened  from  2.3  to  22.3  ft  in  the  alluvium. 
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6)  Well  36509  ('Alluvium):  Well  36509,  installed  in  April  1989,  has  a 
borehole  depth  of  14.0  ft  and  a  casing  depth  of  14.0  ft.  The  borehole 
diameter  is  10.0  inches  and  the  casing  diameter  is  4.0  inches.  This  well 
is  screened  from  4.0  to  14.0  ft  in  the  alluvium. 

7)  Well  36510  ( Alluvium):  Well  36510,  a  twin  to  Well  36509  installed  in 
April  1989,  has  a  borehole  depth  of  26.0  ft  and  a  casing  depth  of  24.0 
ft.  The  borehole  diameter  is  10.0  inches  and  the  casing  diameter  is  4.0 
inches.  This  well  is  screened  from  19.0  to  24.0  ft  in  the  alluvium. 

8)  Well  36514  (Alluvium'):  Installed  in  September  1989,  Well  36514  has 
a  borehole  depth  of  24.0  ft  and  a  casing  depth  of  21.4  ft.  The  borehole 
diameter  is  7.63  inches  and  the  casing  diameter  is  2.0  inches.  This  well 
is  screened  from  6.4  to  21.4  ft  in  the  alluvium. 

9)  Well  36515  (Alluviuml:  Well  36515,  installed  in  September  1989,  has 
a  borehole  depth  of  19.0  ft  and  a  casing  depth  of  17.0  ft.  The  borehole 
diameter  is  7.63  inches  and  the  casing  diameter  is  2.0  inches.  This  well 
is  screened  from  7.0  to  17.0  ft  in  the  alluvium. 

10)  Well  36593  (Alluvium  and  Upper  Denver  Formation):  Installed  in 
June  1980,  Well  36593  has  a  borehole  depth  of  28.0  ft  and  a  casing 
depth  of  28.0  ft.  The  borehole  diameter  is  8.0  inches  and  the  casing 
diameter  is  4.0  inches.  This  well  is  screened  from  18.0  to  28.0  ft  in  the 
alluvium  and  Upper  Denver  Formation. 

2.  RELATED  WORK 

A.  The  following  related  work  is  covered  in  other  specifications: 

1)  Permanent  Piezometers  (Specification  34-0276) 

2)  Alluvial  Groundwater  Monitoring  Wells  (Specification  34-0272) 

3.  REFERENCE  STANDARDS 

A.  The  organization  whose  standards  are  referenced  herein  are  the  American 
Petroleum  Institute  (API)  and  the  State  of  Colorado  Division  of  Water 
Resources  Revised  and  Amended  Rules  and  Regulations  of  the  Board  of 
Examiners  of  Water  Well  Construction  and  Pump  Installation  Contractors, 
Rule  II  Abandonment. 

4.  CONTRACTOR  QUALIFICATIONS 

A.  The  Contractor  shall  submit  evidence  to  the  Engineer  including:  well 
abandonment  experience  in  the  Denver  area  and  a  list  of  available  drilling 
and  support  equipment;  and  that  they  are  competent  to  abandon  wells.  This 
evidence  will  ensure  that  the  Contractor  will  have  sufficient  experienced 
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personnel  to  abandon  the  monitoring  wells.  The  Contractor  shall  supervise 
the  well  abandonment  including  well  cleaning  and  inspection,  overdrilling, 
and  removal  of  the  well  string,  if  possible,  or  abandonment  in  place,  and 
grouting  to  surface. 

5.  WELL  ABANDONMENT  DESCRIPTION 

A.  A  rotary  drilling  rig  shall  be  available  for  on  site  use  until  the  project  reaches 
completion  or  as  directed  by  the  Engineer.  The  well  casing  and  screen  shall 
be  cleaned  out  to  the  bottom  by  drilling,  bailing,  blowing,  and/or  washing  out 
materials  within  the  casing,  or  as  directed  by  the  Engineer.  Because  most  of 
the  wells  are  shallow  (less  than  30  ft),  the  casing  and  screen  shall  be  removed 
by  overdrilling  and/or  pulling.  If  the  casing  and  screen  are  not  removable  by 
overdrilling  or  pulling,  it  shall  be  necessary  to  drill  them  out. 

B.  Following  the  removal  of  the  casing  and  screen,  the  borehole  shall  be 
immediately  backfilled  with  grout  and/or  concrete  from  total  depth,  if 
possible,  to  the  ground  surface  prior  to  changing  locations.  The  well  string 
shall  be  treated  as  a  hazardous  waste  and  drummed  accordingly.  Well  points 
shall  be  decontaminated  or  drummed  as  hazardous  waste,  depending  upon 
their  condition,  as  determined  by  the  Engineer. 

6.  MATERIALS 

A.  Bentonite:  The  bentonite  shall  be  sodium  cation  base  montmorillonile, 
premium  grade  Wyoming-type  bentonite,  which  conforms  to  the  most  recent 
applicable  API  specifications.  The  Contractor  shall  submit  a  certificate  of 
compliance.  Bentonite  shall  be  protected  from  moisture  during  transit  and 
storage. 

B.  Water:  A  source  of  water  for  use  during  drilling  operations  will  be  identified 
by  the  Engineer.  The  Contractor  is  responsible  for  transporting  water  to  each 
well  site. 

C.  Cement:  Type  II  Portland  cement  shall  be  used  for  applications  requiring 
cement. 

7.  EQUIPMENT 

A.  Well  abandonment  shall  be  accomplished  by  use  of  a  drilling  rig  and 
equipment  appropriate  for  well  inspection,  cleaning,  and  closure  activities 
such  as  fishing  and  perforating  tools,  casing  knife,  tremie  pipe,  welding 
equipment,  fire  extinguisher,  etc. 

B.  The  Contractor  shall  have  the  capabilities  of  removing  the  well  strings  from 
the  subsurface  and  of  pressure  grouting  the  boreholes  from  total  depth  to  the 
surface,  as  necessary. 
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8.  WELL  ABANDONMENT 

A.  General:  Well  abandonment  shall  be  completed  approximately  as  discussed 
in  the  following  sections.  Site-specific  conditions  may  require  changes  to  well 
abandonment  plans.  Modifications  to  abandonment  specifications  must  be 
approved  in  advance  in  writing  by  the  Engineer.  Each  activity  must  be 
completed  to  the  satisfaction  of  the  Engineer. 

B.  Closure  Methods:  Closure  methods  shall  include  the  removal,  to  the  extent 
possible,  of  materials  which  hinder  the  sealing  operation,  including  casing  and 
screen.  If  the  well  string  appears  to  be  in  good  condition  attempts  shall  be 
made  to  remove  it  by  fishing  with  cables  or  tools.  If  the  well  string  appears 
to  be  in  poor  condition  attempts  shall  be  made  to  overdrill  or  overwash  the 
well  string  to  facilitate  its  removal.  If  the  well  string  cannot  be  removed,  it 
shall  be  tom  or  perforated  to  allow  the  grout  to  completely  seal  the  annular 
space.  This  shall  be  accomplished  by  using  a  perforating  tool  or  a  casing 
knife. 

C.  Inspection  and  Cleaning:  The  depth  to  the  water  table  and  the  depth  to  the 
bottom  of  the  well  shall  be  measured  prior  to  cleaning,  if  possible.  Surface 
casing  shall  be  installed,  if  appropriate.  The  casing  shall  be  washed  using 
appropriate  techniques,  or  as  directed  by  the  Engineer.  If  there  are  no 
obstructions,  the  casing  and  screen  shall  be  drilled  out  to  the  bottom  of  the 
borehole  using  appropriate  techniques,  or  as  directed  by  the  Engineer.  If 
obstructions  are  encountered,  the  obstructions  shall  be  fished  or  drilled  out. 
The  casing  and  screen  shall  be  cleaned  to  the  bottom  of  the  borehole  using 
suitable  methods,  or  as  directed  by  the  Engineer.  The  measured  depth  shall 
be  compared  to  historical  records. 

If  a  well  has  been  previously  abandoned  and  is  filled  with  cement  or  grout, 
an  additional  record  search  shall  be  conducted  to  document  the  earlier 
abandonment.  If  records  are  not  available,  the  well  shall  be  redrilled  and  the 
borehole  shall  be  regrouted  to  insure  proper  closure,  as  directed  by  the 
Engineer. 

D.  Standard  Well  Closure  for  Alluvial  Wells:  The  casing  and  screen  shall  be 
over  augured  to  a  depth  of  5  ft  below  the  bottom  of  the  existing  well  using 
appropriate  methods,  or  as  directed  by  the  Engineer.  The  well  string  shall 
be  removed  using  suitable  methods,  or  as  directed  by  the  Engineer.  The 
grout  composition  shall  be  determined  based  upon  borehole  conditions, 
additives,  volume,  and  required  setting  time  and  mixed  by  machine  or  hand- 
methods.  The  grout  shall  be  emplaced  from  the  total  depth,  if  possible,  to 
the  ground  surface  using  the  tremie  pipe  or  other  appropriate  method,  as 
directed  by  the  Engineer. 


E. 


Standard  Closure  for  Denver  Formation  Wells:  The  well  string  shall  be 
overwashed  using  appropriate  methods,  or  as  directed  by  the  Engineer.  The 
inner  casing  and  screen  shall  be  removed  using  suitable  methods,  or  as 
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directed  by  the  Engineer.  The  grout  composition  shall  be  determined  based 
upon  borehole  conditions,  additives,  volume  and  required  setting  time  and 
machine  or  hand  mixed.  The  grout  shall  be  emplaced  over  the  uncased 
section  of  the  Denver  Formation  using  a  tremie  pipe.  The  surface  casing 
shall  be  overdrilled  or  over  augured  using  suitable  methods,  or  as  directed  by 
the  Engineer.  The  grout  shall  be  emplaced  in  the  alluvium  as  the  surface 
casing  is  being  removed  using  the  tremie  pipe  or  other  appropriate  method, 
as  directed  by  the  Engineer. 

F.  Drill  Cutting:  Drill  cuttings  or  fine  debris  shall  be  collected  in  55-gallon 
drums  for  storage.  Cleaning  fluid  or  other  liquids  shall  be  collected  in  55- 
gallon  polyethylene  drums  for  storage,  if  possible. 

9.  CLEANUP 

A.  At  completion  and  before  acceptance  of  this  work,  all  equipment,  surplus 
materials  and  rubbish  shall  be  removed,  leaving  the  site  in  a  neat,  presentable 
condition  acceptable  to  the  Engineer. 

10.  QUALITY  CONTROL 

A.  General:  The  Contractor  shall  maintain  records  as  required  by  the  Engineer 
to  assure  that  well  abandonment  is  being  conducted  within  contract  limits. 
The  results  of  well  abandonment  activities  shall  be  documented  to  assure  they 
meet  specifications.  The  Contractor  shall  maintain  records  of  observations, 
measurements  and  tests  performed.  These  records  shall  be  furnished  to  the 
Engineer  no  later  than  24  hours  after  the  observations,  measurements,  and/or 
tests  are  made. 

A.  Well  Closure  Form:  The  Contractor  and  Engineer  shall  each  maintain  logs 
of  daily  activities.  A  well  closure  record  shall  be  maintained  by  both  the 
Engineer  and  Contractor  and  shall  identify  conditions  encountered  during  well 
abandonment.  The  depth  to  the  water  table  shall  be  identified. 
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SPECIFICATION  34-0276 
PERMANENT  PIEZOMETERS 

CLIENT:  SHELL  OIL  COMPANY _ 

PROJECT:  ROCKY  MOUNTAIN  ARSENAL  REMEDIATION  PROJECT 

INTERIM  RESPONSE  ACTION  FINAL  DETAILED  DESIGN 

SHELL  SECTION  36  TRENCHES  IRA _ 

ROCKY  MOUNTAIN  ARSENAL.  COMMERCE  CITY.  CO 
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SPECIFICATION  34-0276 


PERMANENT  PIEZOMETERS 


1.  SCOPE 

A.  Five  pairs  of  permanent  piezometers  (nominal  2-inch  diameter)  will  be 
installed  in  the  eolian  unit  to  monitor  water  levels  inside  and  outside  of  the 
barrier  proposed  for  the  Shell  Section  36  Trenches  area.  Geophysical 
techniques  will  be  used  to  survey  each  borehole  location  for  the  presence  of 
unexploded  ordnance  prior  to  drilling  activities. 

The  10  piezometers  are  expected  to  vary  in  approximate  depth  from  9  to  15 
ft.  The  Contractor  shall  furnish  equipment,  labor  and  materials,  and  perform 
operations  as  required  to  construct  each  piezometer.  Design  details  are 
presented  on  the  drawings. 

2.  RELATED  WORK 

A.  The  following  related  work  is  covered  in  other  specifications: 

1)  Well  Abandonment  (Specification  34-0274) 

2)  Alluvial  Groundwater  Monitoring  Wells  (Specification  34-0272) 

3)  Cast-In-Place  Concrete  (Specification  34-0301) 

3.  REFERENCE  STANDARDS 

A.  The  organization  whose  standards  are  referenced  herein  is  the  American 
Petroleum  Institute  (API). 

4.  CONTRACTOR  QUALIFICATIONS 

A.  The  Contractor  shall  submit  evidence  to  the  Engineer  including:  drilling 
experience  in  the  Denver  area  and  a  list  of  available  drilling  and  support 
equipment;  and  that  they  are  competent  to  construct  a  piezometer  of  the 
design  provided  by  the  Engineer.  This  evidence  should  ensure  that  the 
Contractor  will  have  sufficient  experienced  personnel  to  construct  the 
piezometers.  The  Contractor  shall  supervise  the  piezometer  installation 
including  borehole  drilling,  piezometer  construction,  and  piezometer 
development. 
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5.  PERMANENT  PIEZOMETER  DESCRIPTION 

A.  The  piezometers  shall  be  installed  within  a  minimum  7  3/4-inch  diameter 
auger  borehole  (3  3/4-inch  inside  diameter  hollow-stem)  to  total  depth.  The 
piezometer  shall  be  completed  with  nominal  2-inch  diameter  Schedule  40 
PVC  slotted  and  blank  casing,  bottom  plug,  top  cap,  well  pack,  bentonite  seal, 
concrete,  and  a  vented  lockable  cap  on  nominal  4-inch  diameter  steel 
protective  casing  set  in  a  reinforced  concrete  well  pad. 


6.  MATERIALS 

A.  Blank  Casing:  The  piezometer  casing  shall  be  new,  nominal  2-inch  diameter, 
flush-threaded,  Schedule  40  PVC  pipe  with  a  vented,  Schedule  40  PVC  top 
cap. 

B.  Well  Screen:  The  piezometer  shall  be  completed  with  new,  nominal  2-inch 
diameter,  flush-threaded,  20-siot  (0.020-inch)Schedule  40  PVC  commercially 
slotted  casing  having  slot  spacers  of  1/4  inch;  and  a  solid,  one-piece,  flush- 
threaded  Schedule  40  PVC  bottom  cap  or  plug. 

C.  Well  Pack:  The  well  pack  shall  consist  of  graded  size  10-20  mesh  washed 
silica  sand  as  produced  by  Colorado  Silica  Sand  or  approved  equal.  Well 
pack  characteristics  may  be  changed  by  the  Engineer  depending  upon 
subsurface  geologic  conditions  encountered  during  borehole  drilling. 

D.  Bentonite:  The  bentonite  shall  be  sodium  cation  base  montmorillonite, 
premium  grade  Wyoming-type  bentonite,  which  conforms  to  the  most  recent 
applicable  API  specifications.  The  Contractor  shall  submit  a  certificate  of 
compliance.  Bentonite  shall  be  protected  from  moisture  during  transit  and 
storage. 

E.  Water:  A  source  of  water  for  use  during  drilling  operations  will  be  identified 
by  the  Engineer.  The  Contractor  is  responsible  for  transporting  water  to  each 
well  site. 

F.  Protective  Casing:  A  nominal  5  ft.  by  4-inch  diameter  carbon  steel  pipe  shall 
be  used  for  the  surface  protective  casing.  The  steel  casing  shall  penetrate  a 
maximum  of  3  ft.  below  the  top  of  the  well  pad  and  extend  2  ft.  or  more 
above  the  well  pad  depending  upon  the  depth  to  the  top  of  the  bentonite  seal. 
The  steel  casing  shall  have  a  metal  vented  lockable  cap  (MAASS  4LCR  or 
approved  equal). 

G.  Cement:  Type  II  Portland  cement  shall  be  used  for  applications  requiring 
cement. 
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EQUIPMENT 

A.  Drilling  of  the  piezometer  borehole  shall  be  accomplished  by  use  of  a  suitable 
hollow-stem  auger  or  other  well  drilling  rig  not  requiring  drilling  fluid  for 
operation.  The  drilling  rig  shall  have  the  capabilities  of  successfully  drilling 
a  minimum  7  3/4-inch  outside  diameter  borehole  and  constructing  a  nominal 
2-inch  diameter  piezometer  to  a  depth  of  at  least  15  ft.  The  Contractor  shall 
have  the  capability  of  installing  the  required  PVC  casing  string,  well  pack, 
bentonite  seal,  concrete,  protective  casing,  and  concrete  well  pad. 

PERMANENT  PIEZOMETER  CONSTRUCTION 

A.  General:  Permanent  piezometers  shall  be  completed  approximately  as 
discussed  in  the  following  sections.  Site-specific  geologic  conditions  may 
require  changes  to  piezometer  construction  plans.  Modifications  to 
construction  specifications  must  be  approved  in  advance  in  writing  by  the 
Engineer.  Each  activity  must  be  completed  to  the  satisfaction  of  the 
Engineer. 

B.  Borehole:  A  minimum  7  3/4-inch  outside  diameter  borehole  shall  be  drilled 
to  penetrate  into  the  alluvium.  Depth  into  the  alluvium  will  be  verified  by 
the  Engineer. 

C.  Well  String:  A  well  string  consisting  of  nominal  2-inch  diameter,  20-slot 
(0.020-inch)  Schedule  40  PVC  commercially  slotted  casing  with  bottom  cap 
or  plug,  and  nominal  2-inch  diameter,  blank.  Schedule  40  PVC  with  top  cap 
above  the  slotted  casing  shall  be  installed.  The  relationship  between  the 
screened  interval  and  the  water  table  will  vary  for  individual  piezometers. 
The  blank  casing  shall  extend  approximately  2  feet  above  the  ground  surface. 
All  casing  joints  shall  be  flush  threaded. 

D.  Well  Pack:  A  well  pack  shall  consist  of  10-20  mesh  washed  silica  sand 
extending  1  to  3-ft  above  the  top  of  the  slotted  casing  from  the  total  depth. 
Precautions  shall  be  taken  during  well  pack  installation  to  prevent  excessive 
compaction  or  bridging.  Additional  well  pack  shall  be  added  as  required  to 
maintain  the  well  pack  approximately  1  to  3-ft  above  the  top  of  the  slotted 
casing. 

E.  Annular  Seal:  A  1  to  3-ft  thick  hydrated  bentonite  seal  shall  be  placed  on  top 
of  the  sand  pack.  Concrete  shall  be  placed  from  the  bentonite  seal  to  the 
surface.  Piezometer  construction  operations  shall  be  conducted  continuously 
from  the  beginning  of  well  pack  placement  until  the  concrete  is  placed. 
Additional  concrete  will  be  added  as  necessary  to  maintain  the  concrete  at 
the  desired  level.  The  concrete  shall  be  machine  or  hand  mixed  to  the 
satisfaction  of  the  Engineer  and  shall  consist  of  20  parts  cement  to  1  part 
bentonite  with  a  maximum  of  6.5  gallons  of  water  added  per  sack  of  cement. 
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F.  Surface  Completion: 

1)  Protective  Casing:  A  nominal  4-inch  diameter  steel  pipe  with  a 
lockable  cover  and  vented  cap,  extending  from  a  maximum  depth  of 
3  ft  below  finish  grade  to  2  ft  or  more  above  grade  and  painted  yellow 
shall  be  installed. 

2)  Well  Pad:  A  48-inch  square,  6-inch  thick  6x6  -  W2xW2  WWF- 
reinforced  concrete  pad,  centered  on  the  well  and  sloped  away  from 
the  well  for  drainage,  extending  into  the  borehole  annulus  to  the  top 
of  the  concrete  shall  be  used  (see  Specification  34-0301). 

G.  Well  Drill  Cuttings:  Well  cuttings  produced  during  drilling  operations  shall 
be  considered  potentially  contaminated.  These  cuttings  shall  be  secured  in 
55-gallon  drums  provided  by  the  Engineer.  The  Engineer  will  arrange  for  the 
ultimate  disposal  of  well  drill  cuttings. 

H.  Surveying:  The  ground  elevation  and  the  elevation  and  location  coordinates 
of  the  top  of  the  casing  on  the  piezometers  will  be  surveyed  by  the  Engineer. 

9.  PERMANENT  PIEZOMETER  DEVELOPMENT 

A.  The  piezometers  shall  be  developed  by  the  Contractor  following  completion 
of  piezometer  construction  activities.  Piezometer  development  shall  be 
conducted  by  alternately  surging  and  bailing  each  piezometer  as  directed  by 
the  Engineer,  and  shall  include  surging  of  all  screened  sections  of  the  aquifer. 
Surging  shall  be  performed  by  use  of  a  surge  block  or  bailer  of  minimum  1- 
inch  outside  diameter.  Piezometers  shall  be  developed  for  a  minimum  of  two 
hours,  or  until  discharge  water  during  surging  of  all  screened  sections  are 
essentially  free  of  sand,  whichever  is  greater.  Water  removed  from  a 
piezometer  during  development  shall  be  visually  monitored  for  sand  content 
and  turbidity.  The  total  volume  of  water  removed  during  piezometer 
development  shall  be  recorded  by  the  Engineer.  Water  generated  during 
piezometer  development  activities  shall  be  collected  in  suitable  drums  or 
tanks  provided  and  disposed  of  by  the  Engineer. 

10.  CLEANUP 

A.  At  completion  and  before  acceptance  of  this  work,  all  equipment,  surplus 
materials  and  rubbish  shall  be  removed,  leaving  the  site  in  a  neat,  presentable 
condition  acceptable  to  the  Engineer. 
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11.  QUALITY  CONTROL 

A.  General:  The  Contractor  shall  maintain  records  as  required  by  the  Engineer 
to  assure  that  piezometer  construction  is  being  conducted  within  contract 
limits.  The  results  of  drilling,  piezometer  construction,  and  piezometer 
development  activities  shall  be  documented  to  assure  they  meet  specifications. 
The  Contractor  shall  maintain  records  of  observations,  measurements  and 
tests  performed.  These  records  shall  be  furnished  to  the  Engineer  no  later 
than  24  hours  after  the  tests,  measurements,  and/or  observations  are  made. 

B.  Piezometer  Construction  Log:  The  Contractor  and  Engineer  shall  each 

maintain  logs  of  daily  activities.  A  piezometer  construction  log  shall  be 
maintained  by  both  the  Engineer  and  Contractor  and  shall  identify  subsurface 
geologic  occurrences  encountered  during  piezometer  construction.  The  depths 
to  the  water  table  and  the  base  of  the  eolian  unit  shall  be  identified. 
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SPECIF! CATION  34-0301 

CAST-IN-PLACE  CONCRETE 


1.  SCOPE 

A.  The  cast-in-place  concrete  requirements  consist  only  of  the  welded  wire  fabric 
reinforced  concrete  aprons  at  wells  and  piezometers,  and  the  concrete  used 
in  constructing  the  steel  protective  posts  as  shown  on  the  design  drawings. 

B.  This  specification  applies  only  for  the  above  said  type  of  work.  In  the  event 
that  other  more  extensive  cast-in-place  concrete  becomes  necessary,  other 
appropriate  specifications  would  be  issued. 

2.  RELATED  WORK 

A.  The  following  related  work  is  covered  in  other  specifications: 

1)  Site  Preparation,  Grading,  Excavating,  and  Backfilling  (Specification 
34-0212) 

2)  Alluvial  Monitoring  Wells  (Specification  (34-0272) 

3)  Permanent  Piezometers  (Specification  34-0276) 

3.  REFERENCE  STANDARDS 

A.  Organizations  whose  standards  are  referenced  herein  include  the  following: 

1)  ACI  -  American  Concrete  Institute 

2)  ASTM  -  American  Society  for  Testing  and  Materials 

B.  Any  references  to  the  above  standards  shall  be  the  edition  in  effect  as  of  the 
date  of  this  specification  unless  otherwise  stated. 

C.  For  standards  referred  to  in  ACI  301,  the  edition  and  supplements  in  use  and 
currently  available  at  date  of  this  specification  34-0301  shall  apply. 

4.  GENERAL 

A.  Shop  Drawings:  None  are  required  and  none  will  be  furnished.  Cast-in¬ 
place  concrete  shall  be  located  and  sized  as  required  by  the  design  drawings. 
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B.  Earth  Compaction:  The  earth  upon  which  each  of  the  aprons  will  bear,  shall 
be  undisturbed  soil. 

5.  MATERIALS 

A.  Concrete:  3,000  psi  or  commerical  dry  mix  for  pouring  small  quantities. 

B.  Portland  Cement:  ASTM  C150,  Type  II. 

C.  Sand:  ASTM  C144,  washed  natural  sand,  free  from  impurities. 

D.  Aggregate:  Washed  natural  aggregate  maximum  1/2  inch  size,  free  from 
impurities. 

E.  Water:  Free  of  deleterious  amount  of  acids,  alkalis,  and  organic  materials. 

F.  Forms:  Wood,  steel,  or  other  Engineer  approved  material;  or  excavated 
surfaces. 


6.  FINISH 

A.  Trowl  finish  the  concrete  aprons  at  wells  and  piezometers. 
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ANO  TVC  ESTIMATED  ACCURACY  Of  THE  NTERPRCTADON  B  CSDUATED 
TO  BE  tV. 

S.  STEPS  N  W0RCT4C  BENCH  TO  HAVE  UAXMM  HEIGHT  -  l-C. 

MAXMJU  SLOPE  1:1. 
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j  TO  WOT  (TYPICAL) 
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